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THE concave grating has proved a most powerful instrument 
for spectroscopic research, but heretofore it has not been suc- 
cessfully applied to stellar spectroscopy. Experiments are now 
being carried out at the Johns Hopkins University under the 
direction of Dr. Charles Lane Poor with the view of thoroughly 
testing the various methods of using the concave grating for 
astronomical purposes. The methods, originally suggested by 
Professor Rowland, were developed, and the formule derived 
by Dr. Poor, and the preliminary apparatus constructed under 
his direction: the experiments and the photographs were made 
by Mr. S. Alfred Mitchell. As some promising photographs 
have been obtained the following notes are now published in 
regard to methods and results. 

There are two radically different methods of using the con- 
cave grating for stellar work. 

First: In connection with an objective; the concave grating 
merely replacing the ordinary stellar spectroscope. This was 
tried by Professor Crew at the Lick Observatory in 1892, and a 
few results obtained. 

Second: Direct; the grating is the objective and the spec- 
troscope combined: the light from the star being reflected 
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directly from the grating to the photographic plate. In 1892 
Dr. Poor had a rough apparatus made to test this method, and 
in 1892-3 he introduced this way of using the grating into his 
lectures on ‘*Theory of Instruments.’ In the AsTRoPHYSICAL 
JourNAL of January 1896, is an article by Professor F. L. O. 
Wadsworth’ in which this method is treated of and the equa- 
tions given. 

It is our purpose to test fully all the various methods so far 
as it is possible to do so at the Johns Hopkins University. Our 
best results, so far, have been obtained by the direct method, 
and this paper will be confined to an explanation of that method, 
to the derivation of the necessary formulz and to a few notes in 
regard to the photographs already taken. 

From the theory of the concave grating we have the general 
equation: . R p cos? p (1) 

R (cos pw + cos v) — p cos’ v 
(See Rowland, American Journal of Science, Vol. XXVI, Aug. 
1883.) 

In this equation p is the radius of curvature of the grating, 
and the axis of the grating is the line of reference for angular 
measurements; R and v are the spherical codrdinates of the 
source of light; » and w those of the curve on which the spectra 
are brought to a focus. 

This equation may be put into the following form: 


pcost 
p (2) 


cos cos v— R cos* v 


If now the source of light be placed at an infinite distance, then 
R is equal to infinity, and the equation (2)reduces to: 


( 


cos cos v 
This is the general equation for the case under consideration. 


ae 
— 


* Professor Wadsworth’s mathematical treatment on pp. 57-58 does not apply to 
our method of using the grating. He finds the variation in wave-length correspond- 
ing to changes in the angle of incidence of the light from the star. In our mounting 
this angle is constant, and within certain limits the resulting spectrum is “normal.” 
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We may use the grating in a number of different ways, 
depending upon the position of the photographic plate and of 
the source of light in reference to the axis of the grating. One 
position is by far the best for general work, and in this prelim- 
inary note the formule for that case alone are given. The posi- 
tion is that in which the center of the photographic plate is on 
the axis of the grating. For this we have wo, and our gen- 
eral equation reduces to: 


eo + cos v (4) 


For any given value of v, ry is constant, and those parts of the 
spectra, for which we can assume cos m equal to unity, are 
brought to a focus on a circle whose radius is as above given. 
The equation itself is that of a parabola, so that when vr is 
changed, mw being kept equal to zero, in order to bring different 
parts, or different orders, of spectra to the center of the plate, 
the value of y will vary and will correspond in value to that 
radius vector of the parabola which corresponds to the value of v. 
This case is shown in the following figure: 


A 


G is the grating, P the photographic plate. The light comes in 
from the star in the direction of OG. The curve OPK isa para- 
bola, OG being the half parameter and is equal to $p. Fora 
constant value of v those spectral lines on the photographic plate 
for which cos # can be assumed equal to unity, are brought to a 
focus on a circle whose radius is ¢. 
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To investigate this case fully we must return to the general 
equation (3). For a fixed value of », all the spectra are brought 


to a focus on the curve: 
p COS* 


w+ COS 


in which cos v is constant. When wis so small that its cosine 
may be taken as unity, this curve reduces to a circle, as above 
described. 

By the theory of diffraction (Rayleigh, Encyc. Brit., ‘Wave 
Theory of Light”) we have: 


A= (sin y+ sin (5) 


where @ is the grating space and J is the order of the spectrum. 
From this we have at once: 

w 

den = cos (6) 
To find the change in wave-length as we pass along the focal 
curve, we have: dh dd dp 

ds dp as 
and dp I 


a Ty 
\ (35) 


Differentiating the equation of the focal curve, we find: 


dr rsinu—psin2p_ 
dp  cosp+cosyv 


(7) 


N 


whence substituting we finally find: 
w COS 


(8) 
and this is the general formula for change in wave-length along 
the focal curve. 
If now we put #0, this reduces to, 
1 
(9) 


aconstant. Hence at this point the spectrum is ‘ normal.” 
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Within the limits, therefore, to which we can take cos pw as equal 
to unity, the spectrum may be considered as normal. 

For a grating of medium dispersion an entire spectrum will be 
practically normal, provided the center of the plate is on the axis 
of the grating ; 7. ¢., # equal zero for the middle of the spectrum. 

In the grating used in our experiments the entire first order 
spectrum subtends an angle of about 6°; and by computation 
we find from the above formulz that the scales of different 
portions of the spectrum differ by less than three parts in a 
thousand. To be more exact, at a point 3° from the axis, the 
scale is smaller than at the center of the plate; the ratio of the 
latter to the former being 1.0025. On a plate of the solar 
spectrum as taken by the usual twenty-one foot Rowland mount- 
ing the scales of the middle and end differ by one and one- 
half. parts in a thousand for the same variation of 3°. 

The advantages of this method of working are thus apparent. 
The photographic plate should be bent to conform with the 
focal curve as given by equation (3); within the above limits, 
however, this differs but little from a circle. 

In order to test the above method a small Rowland concave 
grating with a ruled surface of I X2 inches was used. The grat- 
ing has a radius of curvature of one meter, and is ruled with 
15,000 lines tothe inch. The apparatus for mounting the grat- 
ing is extremely simple, consisting of a light box clamped to 
the tube of the equatorial; the telescope being used merely as 
a finder. The light from the star falls directly on the grating, 
is diffracted and brought to a focus on a photographic plate. 
The grating is mounted in an ordinary holder which can be 
adjusted by side and back screws. The plate holder holds a plate 
1X5 inches, bent as closely as possible to the proper radius. The 
holder is capable of adjustments, so that the plate and grating 
can be made parallel, in order to procure a normal spectrum. 
These adjustments are made with very little difficulty. The box 
is clamped to the telescope in such a way that the lines of the 
grating are parallel to the equator, and accordingly, by regu- 
lating the driving clock of the telescope to run a little too slow 
or too fast the spectrum can be made of any convenient width. 
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For our trials Sirius was the star principally used, and expo- 
sures ranged from ten minutes to one hour according to the 
width of the spectrum. All the photographs were made with the 
first order spectrum, and Seed’s Gilt Edge plates were used. 

The spectra aré about 5° long, and vary in width from o™™.1 
to 1™".5, depending upon the exposure and the rate of the clock. 
Details of a few specimen plates follow: 

Sirius. Nov. 27. Exposure 40 minutes, width 1™".5, 8 hydrogen bands 
and H and K lines. 

Capella. Dec. 9. Exposure 40 minutes, width o™.2,. F,G, 4, H, k, 
and about $0 fine lines. 

Procyon. Dec. 15. Exposure 40 minutes, width o™.15, 6 hydrogen 
bands, H and K and about 20 fine lines. 

Rigel. Dec. 28. Exposure 85 minutes, width o™.1, 14 hydrogen bands, 
H and K, and 6 other lines. 

Sirius. Jan. 3. Exposure 40 minutes, length 5°", width o™".1, 16 hydro- 
gen bands, H and K lines and 15 other distinct fine lines. 

The accompanying plate gives the enlargement of two of our 
photographic plates of Sirius. The lower spectrum is the enlarge- 
ment of one taken December 15, 1897, showing 13 hydrogen 
lines, H, K, and ten others. The upper spectrum is the enlarge- 
ment of the plate taken January 3 (noted above). Since our 
original spectra are extremely narrow, considerable difficulty 
is experienced in widening out the spectra without introduc- 
ing spurious lines. Although some of the finer lines are spurious, 
the plate shows the general character of our photographs in that 
it shows clearly the hydrogen lines, K, and many other lines 
which can be easily identified. 

All these experiments were carried on in the Observatory, 
which is on the fifth floor of the Physical Laboratory, and is 
subject to the jar of street cars and city traffic as well as to dust 
and to the glare of electric lights. We are confident that much 
better results will be obtained under better conditions, and think 
that this method promises to become of great value to stellar 
spectroscopy. 

JoHNs HOPKINS UNIVERSITY, 

January 5, 1898. 


ON CERTAIN NEW RESULTS RELATING TO THE 
PHENOMENA DISCOVERED BY DR. ZEEMAN. 


By M. A. CORNU. 


SUCCESSIVE improvements in the method of observing the 
phenomena discovered by Dr. Zeeman have led me to certain 
results which are not in agreement with the earlier observations, 
and which may modify our ideas on the mechanism of these phe- 
nomena. 

The general method of conducting the experiment is that 
which I have previously described: the luminous source (oxy- 
hydrogen flame saturated with saline vapors, induction spark, 
etc.) is placed between the two poles of a powerful electro- 
magnet, and the image of this source is projected upon the slit 
of a spectroscope of high dispersion, provided with the necessary 
doubly refracting appliances. 

1. Observations in the direction of the lines of force. 

My earlier conclusions regarding the resolution of the ray 
of ordinary light into two circularly polarized rays are not 
affected.’ But micrometric measures have shown that the mag- 
nitude of this doubling does not depend exclusively on the 
wave-length of the line observed; the observations may be sum- 
marized as follows: 

The effect of the magnetic field on the period of vibration of the 
radiations of a luminous source seems to depend not only upon the 
chemical nature of the source, but also upon the nature of the group of 
spectral lines to which each radiation belongs, and on the part which it 
plays in this group. 

There thus remains little hope of the possibility of express- 
ing the magnitude of the magnetic doubling of the lines of a given 
spectrum as a simple function of the wave-length, as had been 
hoped at the outset.? It is, however, this very point of view of 

*M. A. CoRNU, this JOURNAL, 6, 378, December 1897: C. &., 125, 555. 


7H. BECQUEREL, C. &., 125, 679. 
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the existence of essential differences among the lines of the 
same spectrum—differences already recognized under various 
circumstances (spontaneously reversible lines," hydrogen groups,’ 
etc.)—which has led me to pursue the detailed study of the 
Zeeman phenomenon as offering a new means of bringing to light 
those families of lines, the existence of which certain optical 
peculiarities have already led us to suspect. 

As a matter of fact, the observation of groups well known by 
their regular geometric arrangement reveals under the action of 
magnetism peculiarities analogous to their unequal facility of 
spontaneous reversal. Thus visual observations of the magne- 
sium group 6 and photographs of the group of three blue lines 
of zinc show that the magnitude of the magnetic doubling of 
their components increases rapidly with the refrangibility, while 
the difference in wave-length of the various lines is insignificant. 

Contrary to what one would be led to expect from the exper- 
iments of Messrs. Egoroff and Georgiewski, it is the most easily 
reversible line which shows the least doubling effect. 

2. Observations in the direction normal to the lines of force. 

The principal result obtained in this case profoundly modifies 
in an important particular the early conclusions of Messrs. Zee- 
man and Lorentz. 

(1) Under the influence of the magnetic field in the direction nor- 
mal to the lines of force a single spectral line becomes QUADRUPLE 
(and not TRIPLE, as has been previously announced). Zhe two 
outer lines are polarized parallel to the lines of force, the two inter- 
mediate lines perpendicular to this direction. 

(2) The quadruplet thus formed is symmetrical with reference to 
the original line, and the separation of the two similarly polarized 
lines ts sensibly proportional to the intensity of the magnetic fields 

™M. A. Cornu, C. &., 123, 332. 

7M. A. Cornu, C. &., 100, 1181. 

31 have also found that for equally intense magnetic fields the distance between 
the two lines polarized parallel to the lines of force is sensibly equal to the distance 


between the circularly polarized lines; but the precision of the optical or magnetic 
measures is still insufficient to render possible a certain demonstration of this 


equality. 
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It is the improvement of the optical apparatus rather than 
the increased strength of the magnetic field which has permit- 
ted me to effect the doubling of the central line of Zeeman’s 
triplet; this doubling must already have been seen by many 
observers; but imperfect images have caused it to be mistaken 
for a simple reversal. Moreover, it is usually very small and 
always very unequal, varying with the line observed, even in 
very compact groups. 

The most striking example, which is at the same time the 
easiest to observe, is that offered by the sodium group D,, Dg. 


Da 


FIG. I. 


The line D, (Fig. 1), which is the narrower and the less 
refrangible of the two, is transformed into a well-defined guad- 
ruplet, the two intermediate lines being separated by half the 
amount of the two outer ones. The line D,, which is broader 
and more easily reversible, becomes a triplet, because the cen- 
tral line remains single. It is true that there is some indication 
of a faint dark line in the middle of this central component ; 
but as the two other oppositely polarized components have the 
same appearance, the doubling remains uncertain. Thus the 
essential difference in nature between D, and D,, long ago 
exhibited by their unequal facility of spontaneous reversal, is 
demonstrated here by a well-defined characteristic, 2. e., unequal 
separation of the central components. This separation is very 
great in D,, very small in D,; the distance between the exte- 
rior components is, on the contrary, sensibly the same for 
both lines. May one not be permitted to suppose that the 
action of the magnetic field affects one of the most essential 
elements of the mechanism concerned in the genesis of these 
radiations ? 
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The magnesium group 4, composed of three lines 4,, 8,, 4,,* is 
equally instructive. One might expect to see the narrowest 
line transformed into a quadruplet; but this is not the case, it 
becomes a simple triplet. The intermediate line 4,, on the con- 
trary, is sharply separated into four. The first line 4,, the most 
easily reversible of the three, is also separated into a quadruplet, 
but it is too diffuse to show the phenomenon in a satisfactory 
way. 

The green line of thallium is also too broad to show satisfac- 
torily the doubling of the central line. The green line (No. 4) 
of cadmium also separates into four, but an intense magnetic 
field is required to show this subdivision well. 

If one were inclined to be in doubt, from the few observations 
made in the direction of the lines of force, regarding the special 
effect of the magnetic field on the radiations emitted, the results 
just cited, obtained in the direction normal to these lines, must 
remove all question. There is, moreover, no reason to fear errors 
due to imperfect adjustment of the optical apparatus; in fact, 
in the direction normal to the lines of force I have utilized as 
a separating apparatus only a small rhomboid of Iceland spar. 
As for the magnetic field, the uniformity of which is never 
perfect, I have convinced myself (by giving to the pole-pieces 
the most diverse forms) that if the mean intensity of the field 
varies with the form of the poles the relative distance of the 
components of the quadruplet nevertheless remains unchanged ; 
the phenomenon thus in no way depends upon the particular 
form of the equipotential surfaces of the field.’ 

It might finally be objected, not without some reason, that the 
small scale of the deviations obtained up to the present time 
renders the interpretation of the appearances very uncertain. 


* The line 43 in the 6 group of the solar spectrum belongs to nickel. 


?In this connection I have found a very curious method for rendering w7szd/e the 
equipotential magnetic surfaces in the neighborhood of the pole-pieces in very intense 
fields; I do not know whether it is known, but it is, in any case, very convenient. It 
consists in causing the uncondensed spark of a powerful induction coil to pass between 
two well-separated metallic electrodes placed in the field to be explored. The line of 
sparks is not deviated, but the violet halo is d/own aside; it spreads out on one side 


J 
| 
| 


RADIATION IN A MAGNETIC FIELD 167 


But this objection is not applicable to my experiments ; thanks 
to the various precautions resulting from successive attempts, I 
obtain very sharp and brilliant images separated by well-defined 
dark intervals." 

This result is due to the use of the excellent plane grat- 
ing which was employed in my solar spectroscopic studies,’ 
and which I owe to the kindness of Professor Rowland. With 
this I have constructed a spectroscope of high dispersion, in 
which the third order spectrum is particularly bright, so that the 
observed deviations are relatively large. I give below measures 
obtained in an observation made with a magnetic field of about 
13,000 C.G.S. units. 


Distance between the outer lines of the quadruplet D, . . 0454 of 
the ocular micrometer. 


Distance between the interior lines of the quadruplet D, . . 0.26 
Distance between the lines D,, D, in their ordinary state ‘ 3.61 


The pitch of the micrometer screw is half a millimeter. 
only in the form of a luminous mantle, veined in concentric curves, which closely fol- 
low the form of the equipotential surface, passing through the point where the dis- 
charge occurs, and its area increases with the intensity of the magnetic field at this 
point. 

This mantle changes from one side to the other when either the direction of the 
induced current or that of the lines of force is reversed. 

With easily volatile electrodes (thallium, metallic sodium, etc.), the phenomenon is 
especially brilliant. 

If the electrodes are very close together a second mantle, symmetrical but nar- 
rower, appears on the other side, the whole forming a butterfly with unequal wings; 
it is evidently due to the discharge of the induced low tension direct current. 

As a particular instance I may mention that the sodium lines, D,, Do, are 
obtained by varying the proportion and the pressure of the oxyhydrogen gases imping- 
ing upon a globule of sodium glass; with a little skill one succeeds in producing at 
will all the known spectral appearances, lines faint and diffuse, lines bright and well- 
defined, with or without reversal. 

In the induction spark passing between two poles of metallic sodium, the metal 
does not take fire even with a strong condensed discharge; but the lines are bright 
and reversed, and the quadruplet appears dark on a bright field. 

2 Ann. Chim. et Phys., (6) 7, 5- 

3 Jour. de Phys., (2) 2, 53. The spectroscope described in this article gave excel- 
lent results, but by replacing the flint prism with the grating the definition was con- 
siderably improved. 
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The greatest distance between the components separated by 
the magnetic action thus amounted to nearly one-sixth of the 
distance between the lines D, and D,. 

Remark.—This unexpected quadrupling of the vibratory 
period of a monochromatic source, normal to the lines of force, 
at first sight contradicts the simplicity of the elegant kinematic 
interpretation corresponding to the formation of the triplet, 
which led to the conclusion that the amplitude of vibration of 
the radiations is not modified in the direction of the lines of 
force. But on reflection I am convinced that the new experi- 
mental result, which we are forced to recognize, nevertheless 
agrees perfectly with the idea which may be formed of a line 
of magnetic force, which is defined by a vector or directed 
quantity ; the properties of the complex system which it repre- 
sents thus depend upon the direction in which it is directed. 
Now the amplitude of vibration is also a directed quantity ; it is 
thus natural that the reciprocal influence of two parallel ele- 
ments, both characterized by vectors, may be of two kinds 
according as the vectors in play are of the same or contrary 
sign. This is evidently a somewhat abstract argument, but one 
which nevertheless imposes the necessary condition. The 
resultant effect may be wz; this is what‘ appeared from the 
earlier imperfect observations; but not being wz/, it necessarily 
has two equal values of contrary sign. This is exactly what the 
new observations show, that is to say, a variation of period 
symmetrical on either side of the original period. 

If the kinematic interpretation of the phenomenon becomes 
a little more complex, it at the same time acquires a very sug- 
gestive symmetry regarding the constitution of the magnetic 
field. 

Like the vibratory components normal to the lines of force, the 
component parallel to this direction 1s doubled and the periods of the 
two parts are altered by quantities respectively equal, of contrary sign, 
and proportional to the intensity of the field. 

From what precedes it is evident how many important ques- 
tions regarding the relationship of electricity with light are raised 
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by these new experiments. Although the observations are very 
delicate and still very incomplete, I have thought it desirable to 
make them known, with the intention of pursuing them when the 
necessary means which I hope to have at my disposal] shall per- 
mit me to increase still further the magnitude of the effects and 
consequently the precision of the measures. 


PARIS, January 21, 1898. 
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RESUME OF SOLAR OBSERVATIONS MADE AT THE 
ROYAL OBSERVATORY OF THE ROMAN COL- 
LEGE DURING THE SECOND HALF OF 1897. 

By P. TACCHINI. 

I Give below a résumé of the solar observations made at 
the Royal Observatory of the Roman College during the second 
half of 1897. The results for the spots and facule are brought 
together in the following table: 


Relative frequency Relative areas 
Number Number of 
1897 of days of | of days spot groups 
| Observation | spots | without of spots of facula | Per day 
spots 
31 8.16 | 0.00 31.3 | 66.1 2.5 
28 6.42 | 0.00 73.8 | 1.6 
September ........ 28 14.43 | 0.00 43.9 65.4 4-7 
Oe 27 3.82 0.22 5.6 93.1 1.8 
November ........ 22 2.05 | 0.50 4.1 73.1 0.5 
re 21 8.71 | 0.05 42.7 75.0 | 2.1 


The season was very favorable, and it will be seen that the 
spots have continued to decrease, particularly in area. A rather 
marked minimum occurred in October and November, after the 
September maximum ; a similar fluctuation may be found in the 
preceding series for the months of April, May and June. 

For the prominences the following results have been 
obtained : 


| Prominences 
al | Number | Mean | Mean | Mean 
number height extent 
| | 


| 
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The results for the distribution in latitude of the various phe- 


Comparing these numbers with the results obtained for the 
nomena are given by quarters and by zones in the following table 


first half of the year we conclude that the prominences have 


remained practically stationary in activity. 
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two secondary maxima occurred at the same distance from the 
equator, 7. ¢., in the zones (+40°+60°). The spots have been 
confined within the region between the equator and+ 20°, as was 


437" 


43 


23 Novenbre 


the case during the second quarter. The only eruption observed 
during the entire period of six months was that of November 
23, on the west limb, at latitude+8°.2. A very bright jet sud- 
denly formed and rose to a height of 168", disappearing in 
twenty minutes, as is indicated in the figures. 


RoE, January 31, 1898. 
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ON THE ARC-SPECTRA OF THE ELEMENTS OF THE } 
PLATINUM GROUP. II. 


By’ H. KAYseER. 
IV. RHODIUM. 


| 
Intensity Intensity Intensity 
Wave-length and Wave-length |- and Wave-length and 
Character Character Character ] 
\ 
2308.88 2 2432.755 I 2488.547 I 7 
2318.432 2 2433-346 2489.986 
2319.173 2 24360.974 ° 2490.860 3 
2328.737 2 2437-174 2 2492.395 - 
2334-762 I 2439-338 2493-733 I 
2345-597 I 2440.427 2 2494.604 4,u q 
2368.380 3 2442.830 ° 2499.095 2,u ‘ 
2369.654 2 2443-221 fo) 2500.668 2 J 
2370.642 2 2443-812 2500.740 
2382.969 2 2444.337 4,u 2501.115 I 
2383.490 2 2444.843 ° 2502.546 2 
2384.751 2 2445-714 2 2502.843 I 
2386.222 4 2448.378 2503.458 
2386.489 ° 2448.923 2 2503.939 I 
2396.617 oO 2450.660 4 2504.384 4,u 
2399.044 fe) 2453-898 fe) 2505.189 2 
2406.472 2455-521 2505.758 2 
2407.974 2 2455-788 2 2507.342 ° 
2408.100 fe) 2456.277 I 2508.743 ° 
2408.275 I 2459.004 2 2509.788 2 
2408.745 2459.237 I 2510.747 2 
2409.626 fe) 2461.120 2 2511.133 2 1 
2410.348 ° 2463.670 4,u 2512.180 2 
2412.613 I 2469.203 I 2513.464 2 
2414.433 re) 2470.486 2 2515.833 2 
2414.662 ° 2470.860 ° 2518.561 ° 
2414.927 3 2471.561 2 2520.623 2 
2417.523 fe) 2472.571 2 2522.988 2,u 
2418.718 3 2473-199 2 2525.221 ° 
2420.271 2 2474.116 te) 2526.092 I 
2420.947 oO 2474.677 I 2526.244 2 
2421.060 2 2475.097 4 2526.744 fe) 
2422.237 2475-749 2530.284 
2424.021 2 2475.978 2531.053 
2424.521 2477.618 2531.369 
2427.193 3 2480.596 ° 2531.920 2 
2427.777 2 2480.921 ° 2532.743 2 
2429.053 2 2481.686 ° 2533.687 s 
2429.268 fe) 2483.423 2,u 2534.170 2 ‘ 
2429.610 2 2485.688 2 2534.682 ° 
2431.936 2 2487.581 4 2536.803 4 
173 
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IV. RHODIUM —continued. 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
2537-155 3 2607.831 2 2666.498 2 
2537-721 2 2608.639 2 2667.317 ° 
2539.860 4, u 2609.266 2667.453 
2541.096 2 2610.156 fe) 2669.419 fe) 
2543-648 2612.315 2671.144 4 
2544-317 2 2613-145 fe) | 2671.529 I i 
2545-794 4 2613.689 4,u | 2674.059 2 
2547.3606 2615.735 2 | 267 4.287 2 
2548.679 2 2616.178 2 2674.525 2 
2551.289 2 2618.596 3 2676.200 4 
2553-426 2621.099 | 2 2676.573 2 
2555-010 2622.661 4 | 2680.379 2 
2555-449 4 2622.756 I | 2680.717 4 
2556.172 I 2624.821 0 | 2681.873 3 
2558.714 4 2624.948 | fe) | 2682.624 2 
2560.322 2 2625.309 2 | 2683.660 ° 
2562.741 te) 2625.496 I | 2684.301 2 
2564.900 ° 2625.973 3 2685.551 ° 
2565.888 2 2626.776 2 | 2686.608 4 
2566.137 2 2627.042 fe) | 2687.015 4 
2566.960 2 2628.222 fe) | 2687.411 2 
2567.374 4 2630.003 2 | 2688.173 2 
2569.171 2630.509 2 | 2689.022 
2570.206 2 2633-373 2 | 2689.716 oO 
2573-577 2 2633-523 2 | 2692.390 2 
2574.332 2 26 34.605 2692.463 2 
2574.751 2 2635-082 4 2693.726 2 
2576.330 2 2635-407 I | 2694.405 4 
2579.487 2 2636-744 I 2697.955 | 2 
2579.650 2637-484 2700.384 | 2 
2580.043 2638.388  2700.688 I 
2581.100 2 2638.839 2 2702.158 2 
2581.790 2639.097 2702.337 2 
2584.016 I 2639.327 2702.621 
2586.897 2 2642.857 ° 2703.820 6 
2587.245 2 2643-077 4 2705.059 ty) 
2587.353 fe) 2643.691 2 2705.718 3 
2588.545 ) 2647-375 4 2706.135 2 
2589.892 I 2648.681 2 2707.320 2 
2592.247 ts) 2649.686 I 2707.896 oO, u 
2596.134 ° 2650.985 te) 2709.613 3 
2597.014 3 2651-973 ° 2714.499 4 
2597.484 ° 2652.750 5 2714.881 oO 
2597-774 2 2656.000 2 2715.149 2 
2598.166 2 2658.515 te) 2715.399 2 
2599.352 ° 2659.098 2 2716.645 te) 
2601.926 fe) || 2659.573 2 2716.912 2 
2603.500 4 | 2659.937 I 2717.606 3 
2605.807 2 || 2663.389 2718.111 
2606.540 4 2663.764 2 2718.648 2 | 


| 
| | | 
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IV. RHODIUM —continued. 
Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
2720.235 3 2794.587 2852.809 
2720.622 3 2795.306 I 2854.237 
2722.243 2 2795.824 2 2854.848 2 
2722.389 o 2796.743 3 2855.273 4 
2725.961 fe) 2799.530 2859.735 2 
2726.934 fe) 2799.705 ° 2859.908 3 
2729.034 6 2800.021 2860.208 
2729.611 | ° 2801.674 5 2860.774 3 
2731.874 | fe) 2802.113 2860.886 4 
2732.261 | ° 2804.020 2 2861.877 oO 
27 34.906 2 2805.908 2 2862.572 
27 36.860 3 2806.212 I 2863.057 6 
2737-509 2 2807.270 2 2864.517 4 
2737-717 2 2809.853 ° 2865.755 2 
2738-3590 | 2 2810.999 3 2867.973 I 
2739-845 I 2814.817 ° 2868.400 2 
2740.027 | I 2816.979 I 2869.746 ° 
2740.304 | 2 2819.367 2 2870.108 2 
2740.487 to) 2819.742 3 2870.551 2 
2740.647 2 2820.946 3 2871.489 5,u 
2743-568 2821.620 I 287 3.104 ° 
2751.140 ° 2822.850 2873.742 4 
2751.450 2 2822.979 2 2874.115 2 
2752.941 2 2823.504 2 2874.507 te) 
2754-845 2823.756 2875.764 2 
2757-005 I 2823.988 2876.592 
2760.541 2 2826.532 4 2878.139 re) 
2762.311 f9) 2826.798 4 2878.770 4 
2762.938 2 2827.433 4 2879.628 () 
2764.909 2 2828.259 ts) 2880.775 I 
2767.832 4 2829.421 2 2880.912 2 
2768.336 4 2829.064 2 2881.400 2 
2770.277 I 2831.398 ° 2882.497 4 
2771.615 4 28 32.893 2 2884.683 2 
2773-397 2 2833.981 I 2885.364 te) 
2774-557 2 2834.233 4 2886.112 4 
2775-869 | 2 2834.990 I 2887.082 ° 
2778.162 | 4 2835.671 I 2888.986 te) 
2778.967 3 | 2836.799 4 2889.222 4 
2779-054 3 | 2838.425 2 | 2889.623 I 
2780.439 3 | 2839.666 ° | 2889.962 4 
2781.184 | I || 2841.909 4, U 2892.320 4 
2783.140 | 5 || 2842.270 4, u 2892.817 0 
2785.920 | fe) 2844.463 4,u | 2893.142 I 
2786.934 2 2844.917 o | 2895.823 I 
2790.493 2 2845.868 2 | 2897.171 oO 
2790.872 2 2849.461 2 | 2897.806 ° 
2791.270 4 2850.608 I | 2899.800 2 
2792.886 2 2851.526 fe) | 2900.080 4 
2794-020 2 2852.459 I | 2902.975 oO 


| 
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IV. RHODIUM—continued. 


| 
| 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
2903.428 2 2961.805 2 3036.483 
2903.960 ° 2963.664 2 3038.583 2,u } 
2904.440 2965.018 3043.586 
2905.106 2 2965.801 ° 3045.887 3 i 
2907.335 3 2968.790 6 3046.304 2 j 
2907.835 I 2970.807 I 3046.871 4 
2909.837 2971.741 3047-440 
2910.281 4 2974-156 3 3048.095 2 
2912.746 4 2975-935 2 3049.003 to) 
2913.185 ° 2977.809 5 3049.334 2 
2913.474 fe) 2981.238 2 3049.919 
2913.715 2 2982.514 3 3050.050 ° / 
2914.114 4 2983.194 4 3050.842 2,u ' 
2914.691 ° 2984.135 fe) 3051.780 2 
2915-534 4 2984.593 3053-988 2 
2917.028 2986. 330 7 3054.980 ° 
2920.296 I 2987.117 5 3055-755 
2921.229 2987.568 3 3056.452 
292 3.239 4 2988. 487 3057-996 4 
2924.140 4 2988.977 | 3058.974 I 
2926.160 2989.302 | 3059-473 2 
2926.322 2990.048 2 3060.001 fe) 
2926.953 2990.158 3061.782 2 
2927.062 ° 2991.881 2 3062.544 ° 
2928.559 ° 2995.828 fe) 3063.700 I 
2929.256 4 3001.582 ° 3065.800 ° 
2932.065 4 3004.565 5 3066.333 fe) 
2934.988 3005.929 2 3066.475 
2937-285 2 3009.103 I 3067.395 6 
2938.403 2 3010,369 ° 3069.034 2 
2939.588 2 3011.021 ts) 3070.467 I 
2940.175 to) 3014.352 2 3071.134 3 
2941.246 3 3015.960 oO 3071.716 I 
2942.116 3016.930 I,u 3073-550 
2946.042 2 3017.225 I 3074.806 2 
2948.388 3018.194 3076.7 36 2 
2949-475 I 3019.569 2 3078.905 
2950.023 3 3019.664 2 3080.449 fe) 
2951.957 I 3019.928 ° 3081.714 | ° 
2955-395 2 3022.117 oO 3084.078 | 4 
2955-541 2 | 3022.673 fe) 3085.790 2 
2955-942 3023.164 3087.180 
2956.229 ° 3024.018 3 3087.534 4 | 
2956.406 I 3025.517 2 3088.428 2 
2958.504 3027.053 2 3089.480 
2958.899 4 3027.817 I 3089.775 fe) 
2959.478 I 3028.545 4 3090.506 2 
2959.769 4 3028.975 3091.840 
2960.686 3031.573 3093.592 
2960.773 | 3034.474 3094.691 2 


| 
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IV. RHODIUM —continued. 


ARC-SPECTRA OF THE ELEMENTS 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 

Character Character Character 
3096.722 3177-020 3255.104 4 
3096.834 I 3177-201 4 3258.352 ° 
3099.567 3178.517 4 3259-994 
3102.634 4 3179.833 5 3260.938 2,u 
3105.110 4 3181.330 3 3263.280 8 
3105.756 I 3182.519 ° 3263.924 2 
3108.405 2 3183.012 3264.313 
3115.027 5 3183.558 ° 3266.511 I 
3119.846 3184.485 3267.605 I 
3120.714 ° 3185.702 5 3268.597 5 
3121.381 3187.265 3270.702 
3121.879 6 3187.740 ° 3271.748 8 
3123.818 6 3187.998 I 3274.908 4 
3124.508 2 3188.408 I 3276.122 4 
3125.000 ° 3189.162 5 3278.620 2 
3126.990 2 3190,.466 3 3280.680 4,7 
3130.918 4 3191.313 6 3281.827 4 
3134.047 I 3192.112 3282.932 
3134.710 fe) 3192.336 3283.705 4,7 
3135.590 2,u 3193.633 I 3284.151 ° 
3137.450 4 3193.963 2 || 3285.964 2 
3137.825 5 3194.671 4 3286.520 4 
3138.506 I 3197.257 4 3288.159 2 
3140.355 co) 3199.979 I 3289.274 5 
3140.549 I 3206.202 4 3289.739 5 
3140.963 3207.390 2 3292.531 ° 
3141.314 ° 3211.504 3 3293.012 ° 
3145.518 I 3212.667 ° 3293.533 ° 
3145-734 : 3214.440 4 3294.400 5 
3146.327 fe) 3214.628 ° 3294.843 I 
3147-274 ° 3214.984 4 3296.847 4 
3147-736 4 3218.009 4 3297.409 2 
3148.350 I 3218.395 4 3297.667 ° 
3149.580 3218.655 3299.066 2 
3149.978 fe) 3220.893 2 3300.133 ° 
3150.385 4 3221.193 te) 3300.479 2 
3152.724 6 3221.422 I 3300.604 4 
3159-453 3221.589 3301.820 
3155-489 6 3232-627 4 3303-474 
3158.063 2 3233-440 3303.872 
3159.001 2 3234.656 ° 3304.258 2 
3159.354 2 3235-910 2 3305.298 4 
3162. 388 I 3237.78! 4 3307.091 I 
3162.608 fe) 3240.644 3307.474 
3163.551 I 3240.998 ° 3308.067 3 
3167.072 fe) 3241.602 © 3309.663 2 
3170.379 3242.11! 3314.665 2 
3171.625 2 3242.820 I 3316.670 t+) 
3172.392 4 3250.151 2 3323.232 6,r 
2176.666 3253-457 2 3331.223 4 
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IV. RHODIUM—continued. 


Intensity Intensity Intensity 

Wave-length | and Wave-length and Wave-length and 

| Character Character Character 
3331.393 4 3399.823 7 | 3485.031 2 
3332.048 I 3401.109 3 | 3487.366 3 
3335-328 3403.247 3487.621 | 3 
3330.842 oO 3404.021 2 3491.216 | 3 
3338.672 7 3406.690 5 | 3491.365 | 3 
3340.987 || 3407.387 2 | 3494.585 | 5 
3343-036 5 || 3407.884 2 | 3498.887 7 
3343-573 2 3408.990 | 3502.686 
3344-337 | 5 3410.074 3505.559 4 
3347-437 | I 3410.625 I 3507.471 4,0 
3347-660 | 3412.425 6 3508.754 I 
3352-510 | 2 3415.824 | 3509.444 3 
3353-834 | 2 3416.901 fe) | 3511.696 
3354-853 4 || 3420.307 4 | 3511942 4 
3356.670 I 3.422.430 3 | 3513.258 4 
3357-560 3423.699 | 3519.690 2 
3357-980 2 | 3424.533 4 | 3525.805 2 
3358.962 3428.559 2 | 3528.183 7,¥ 
3360.043 6 || 3432.234 2 | 3538.269 3 
3360.952 8 || 3435-037 | 10,r 3538.409 3 
3362.321 5 ||} 3440.675 | 4 | 3542.068 4 
3363-382 || 3442-243 0 | 3544.122 | 5 
3364.281 o 3442.781 4 | 3549.681 5 
3365.138 3443.001 2 3550.165 fe) 
3365.652 || 3446.202 3564.290 2 
3368.518 6 3447-897 6 || 3590.688 I 
3368.914 3 3448.715 5 || 3593-685 3 
3369.824 5 3450.437 5 || 3594-054 0 
3372-379 7 3451-294 4 3596.183 4 
3372.672 2 || 3454-617 | || 3596.343 4° 
3372-930 || 3455-369 | 4 | 3597-300 
3373-879 || 3455-595 | 4 3598.057 3 
3375-735 O,u | 3456.284 | 3000.911 4 
33760.017 fe) 3457-219 5 | 3606.029 5 
3377-275 5 | 3458.070 6 | 3608.246 4 
3377-742 2 3458.815 | 3612.621 5,6 
3377-850 4 || 3459-375 3 361 4.099 I 
3380.775 4 || 3462191 | 5,8 3614.674 I 
3381.208 | 3469.355 3614.934 4 
3381.578 4 | 3469.774 5 | 3620.621 5 
3385.919 6 | 3470.505 | 1 3626.759 7 
3387-174 2 3470.817 | 4,r || 3627.342 4 
3 387.960 0 3472.402 | 5 3627.958 | 4 
3389.340 3 || 3472.994 | ) 3639.684 6 
3390.608 I,u || 3474-939 | 5,1 3643.301 
3391-847 2 || 3477-354 I 3644.363 
3391.935 2 || 3478.646 | 2 3651.516 2 
3392.230 I || 3479.064 | 3655.044 5 
3395.014 3 || 3480.658 fe) | 3658.148 8,r 
3396.956 | 3484.186 | 4 3661.760 2 


| 
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IV. RHODIUM — continued. 


| Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
3662.027 3 3856.167 fe) 4177-780 I 1 
3666.381 3856.663 4,7 4196.672 3 
3667.070 4 3865.291 I 4206.770 2 4 
3674.924 5 3870.140 2 4211.306 
3681.205 6 3872.534 ° 4218.142 2 
3690.872 3877-470 2 4228.002 
3691.481 2 3888.475 2 4230.354 2 ] 
3692.506 10, r 3891.953 fe) 4244.598 4 
3695.105 2 3904.362 2 4258.608 I 
3695.674 5 3905-423 I 4270.696 : 
3698.415 3 | 3912.97! 2 4273-578 4 
3098.758 5 | 3913.657 4 4276.962 2 
3699.461 2 3922.340 4 4278.744 3 
3701.057 3934-384 4° 4288.883 7 
3713-156 4,7 3935-123 2 4296.926 4 } 
3713-593 3 3935-982 4 4.308.982 2 
3714.989 4 3942.862 5 4315.126 2 
3725.091 2 3953-214 2 4325-584 G 
3735-429 4 3958.313 4 4336.181 I 
3737-448 4 3959.006 5.6 4342.608 I 
3744-325 4 3964.688 4 4345-247 2 
3748.383 5 3968.320 2 | 4345-629 3 
3754-209 4 3975-472 5 | 4349-336 2 
3754-441 3 3976.240 2 4362.393 O,u 
3755-290 I 3984.555 5 4373-212 5 
3755-748 2 3995-768 4 | 4374-976 7° 
3760.554 2 3996.313 5 | 4376-350 
3765.232 59 4023.302 5 | 4380.097 5,u 
3770.130 4 4026.089 I 4388.224 I 
3771-779 2 4048.572 3 4402.725 . 
3775.64 2 | 449.188 3 4410-449 
3778.279 4 | 4053.602 3 4420-178 0,8 
3788.633 5 4056.491 3 4421-383 
3793-306 4° || 4077-739 4 4423-835 : 
3799.466 4,2 4080.690 I 4424-215 3 
3806.071 4 4081.961 2 4433-495 4 
3806.920 4 | 4082.942 5 4484.015 2 
3809.655 2 | 4084.442 2 4492-644 4 
3812.599 2 4087.950 4 4503-955 4 
3815.169 I 4088.646 4 4500.815 I 
3816.611 I 4097.690 5 4528.904 5 
3817.524 0 4116.496 4 4530.763 3 
3817.990 to) 4119.855 4 4544-447 4 
3818.345 5 4121.870 4 4551.828 6 
3822.397 4° 4125.063 2 4557-343 4 
3827.505 fe) 4129.080 6 4558.897 4 
3828.623 2 4135.448 _ 4561.062 5 
3833-733 ty) 4137.008 0 4565.373 4 
3834.016 50 4154.495 2 4568.538 
3834.893 2 4158.615 I 4569.181 6 
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IV. RHODIUM —continued. 
Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
4570.489 2 4918.953 2 5237-918 I 
4571.466 4 4919.823 2 5248.918 fe) 
4572-794 2 4922.633 2 5251-549 2,u 
4599-553 ° 4944-975 2 5259.382 3 
4601.792 2 4960.318 I 5268.092 fe) 
4608.294 2 4961.012 fe) 5269.429 3 
4620.059 5 4963.831 4 5280.250 2 
4626.105 I 4966.511 2 5292.279 4 
4634.017 4 4977.869 4 5314-911 3 
4639.526 4 4985.107 2 §329.571 0 
4643.337 6 4996.012 o 5329.890 4 
4666.261 2 4997.919 I 5331.237 2 
4675.187 7 5012.538 5336.794 
4677.532 4 §025.692 I 5339-845 o 
4683.093 3 5028.492 2 5349-463 2 
4689.610 I 5046.583 2 5354-573 | 7 
4696.463 I 5057.576 2 5356.638 3 
4704.230 5 5064.475 4 5359.850 to) 
4707.108 I,u 5073.607 5364.290 
4719.545 2 5085.676 4 5369.470 I 
4721.148 6 5088.949 5379.275 5 
4724.483 5090.795 5 5381.683 
4731.333 I,u S1IO.11S 2 5384.214 | ° 
4745.276 6 5120.824 I 5390.622 5 
4750.007 ° 5130.903 2 5404.898 4,u 
4755.717 4 5145.110 2 §408.972 2 
4770.938 3 5155.691 5 5423.483 2,u 
4771.687 2 §157.224 2 5424.910 4 
4777.304 2 5157.814 5 5425-636 4,u 
4791.164 3 5160.464 o,u 5431-813 2,u 
4791.640 fe) §165.561 5432.224 2,u 
4794.364 5174.883 5439-783 4 
4798.829 4 5176.110 6 5441.547 4,u 
4801.517 I,u 5177.396 3 5444-508 2,u 
4803.393 5178.311 5445-424 4,u 
4810.645 6 5184.342 4 5468.288 3,u 
4813.678 I 5185.172 I 5468.921 2,u 
4817.233 to) 5187.088 ° 5471.040 5,u 
4833.627 5193.276 7 5475-318 2,u 
4842.556 4 5197.697 I 5480.997 
4844.145 6 5203.468 2 5481.602 2,u 
4851.777 6 5207.099 3 || §484.421 4,u 
4856.614 5211.637 4 ‘| 5492.048 2,u 
4861.497 2,u 5212.866 4 §497.197 ° 
4861.808 O,u 5213.491 2 5503.776 2,u 
4865.922 4 §214.913 3 5504.845 4,u 
4888.045 §222.783 4 5534.074 I,u 
4898.022 I 5225.706 I 5535-235 5,u 
4908.744 2 5230.752 4 5542.260 Ce) 
4913.649 2 §237.284 5 5544-797 6,uR 


ARC-SPECTRA OF THE ELEMENTS 181 
IV. RHODIUM—continued. 
Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
5555-288 5659.924 2,u 5797-668 2 
5556.968 3 5686.543 4 5803.482 2 
5557-364 I,u 5695.823 1 5807.058 4 
5568.495 5700.628 4,u 5821.991 2 
5595.053 2,u 5§708.930 0,u 5831.730 4 
5599.620 6,u 5713-799 I,u 5833.808 I,w 
5605.214 §718.038 fe) 5871.947 I 
5607.898 3 5726.875 I,u 5899.128 I 
5608.541 4 5727.466 3 5907.478 I 
5626.254 2 5730.600 2 5918.698 I 
5632.954 2 5742.985 co) 5941.743 I 
5634.847 2 5755-894 5952.791 
5651.466 I,u 5792.824 4 5983.830 4 
5659-791 4 5795-936 2 
Vv. OSMIUM, 
Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
2325.636 re) 2371.270 I 2408.764 2 
2327.081 2376.398 2409.010 I 
2329.356 ° 2377.128 2 2409.476 ° 
2332.288 I 2377-704 ° 2410.282 ° 
2334.640 I 2378.842 fe) 2411.536 I 
2336.876 I 2379.482 I 2411.992 fe) 
2338.723 I 2379.730 ° 2414.042 ° 
2340.732 2379.931 2414.198 
2342.043 fe) 2382.5905 2414.639 I 
2343.831 I 2384.715 2415.436 
2345.855 ° 2387.378 2 2418.081 I 
2347.480 2391.248 2418.457 
2350.323 ° 2393.986 ° 2418.618 I 
2351.678 2394-379 fe) 2420.137 
2351.826 2395.969 2421.268 
2355.378 2396.855 2421.949 
2356.999 2397.730 2422.106 
2357-344 ° 2398.300 ° 2423.158 2 
2362.498 2401.219 2 2424.102 fe) 
2362.855 2 2402.328 ° 2424.655 I 
2363.128 fe) 2402.620 2424.820 
2363.421 I 2403.944 I 2426.297 ° 
2367.434 2 2405.176 fe) 2426.907 ° 
2369.346 I 2405.531 - 0 2427.280 ° 
2370.796 I 2406.053 ° 2427.386 ° 
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Vv. OSMIUM —continued. 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
2427.997 2491.106 2 2547-289 
2429.025 oO 2491.789 2 2548.196 2 
2429.801 fe) 2492.477 2 2548.930 I 
2431.299 I 2493-710 fe) 2550.873 fe) 
2431.699 I 2493-935 ) 2554-558 2 
2434.605 ° 2496.425 I 2555-205 I 
2434.731 ° 2498.512 I, u 2555-378 I 
2437.798 fe) 2500.821 I 2555-902 I 
2440.913 2501.016 2550.179 
2442.104 2501.963 2557-868 
2445.980 2502. 382 2 2558.191 I 
24406.125 I 2503.766 2 2560. 308 
2449.987 2504.486 2 2560.578 
2450.581 2504.603 fe) 2560.831 fe) 
2450.833 I 2506.481 fe) 2562.771 I 
2451.290 fe) 2506.767 fe) 2563.257 2 
2452.869 fe) 2507.282 ° 2564.287 I 
2453-392 2508.707 I 2564.469 fe) 
2453.989 2509.809 2565.261 2 
2454.278 2510.024 2 2565.816 
2455.002 I 2510.591 2566.595 3 
2455.422 fe) 2512.970 2 2567.335 te) 
2455-716 2513.340 2 2568.937 2 
2456.555 I 2515 140 2 2570.855 fe) 
2457-273 2518.006 2 2571.244 fe) 
2457.804 2518.533 2 2571.611 
2459.940 fe) 2519.886 I 2571.878 2 
2461.508 3 2520.156 ° 2572.572 I 
2464.577 I 2524.879 257 3.198 
2466.535 2526.833 fe) 2573-601 fe) 
2467.420 2527.174 fe) 2574-852 I 
2468.209 2527-335 2577-141 
2470.925 fe) 2527.832 I 2578.284 I 
2472.378 I 2529.047 oO 2578.430 2 
2473-756 2532.083 I 2579-839 
2475.064 2532.7 32 fe) 2580.120 2 
2475-769 oO 2534.270 I 2581.154 2 
2476.179 fe) 2535-484 ° 2582.027 4 
2476.923 2 2536.184 fe) 2586.995 fe) 
2477.100 25 38.087 4 2587.575 I 
2480.825 2538.174 I 2588.517 fe) 
2481.892 I 25 38.500 2589.495 
2482.524 2 2539.751 fe) 2589.595 o 
2485.424 fo) 2540.230 2 2590.859 4 
2486.326 3 2540.835 2 2592.082 2 
2488.415 I 2541.747 fe) 2594.000 oO 
2488.640 4 2542.592 4 2594.238 2 
2488.890 2543.892 2596.101 2 
2489.113 2544.067 4 2596.474 
2489.370 te) 2546.261 2 2596.783 2 


|| 

| 

| 


ARC-SPECTRA OF THE ELEMENTS 183 
Vv. OSMIUM continued. 
| 

Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 

Character Character Character 
2597.092 2650.754 2696.709 
2597.319 I 2651.562 fe) 2697.338 2 
2597.604 fe) 2652.369 2698.321 
2597-990 oO 2653.068 2 2699.688 4 
2600.008 I 2653.388 I 2700.840 2 
2600.560 I 2653.860 2 2703.203 ° 
2600.855 2655.297 fe) 2704.551 2 
2602.444 I 2655.879 I 2704.695 fe) 
2603.323 2656.774 2 2705-547 
2603.554 fe) 2657.203 2706.804 2 
2604.701 2 2658.682 4 2707.519 2 
2605.051 oO 2659.924 2 2708.276 2 
2608.342 fe) 2661.011 I 2709.953 2 
2609.303 2 2662.069 2 2712.848 fe) 
2609.669 2 2662.653 2 2713-300 fe) 
2610.881 2 2663.314 2 2714-744 3 
2611.410 3 2663.950 2714-997 
2612.732 2 2664.390 re) 2715-471 2 
261 3.167 4 2664.879 4 2715-726 2 
2614.158 fe) 2665.370 fe) 2717.162 fe) 
2615.122 | 2666.079 2 2717-488 
2617.062 | 2666.295 2 2717-839 
2617.895 | 2667.593 2718.796 I 
2618.435 2669.158 2720.130 4 
2618.923 fe) 2669.606 2 2720.578 I 
2620.035 4 2670.640 oO 2721.959 4 
2620.723 2 2672.145 2722.700 fe) 
2621.473 2674.654 2 2722.867 
2621.912 2 2674.793 2727.357 
2623.711 ° 2674.969 2 2728.364 2 
2624.677 2677.473 2729.093 
2625.436 fe) 2678.870 fe) 27 30.782 4 
2628.377 2 26079.457 fe) 2731.467 I 
2632.994 I 2679.825 I 27 31.931 
2634.375 2 2680.806 fe) 27 32.905 4 
2634.547 I 2682.279 2 2735.848 ° 
2637-223 4 2683-974 2736-479 I 
2638.081 268 4.497 2 2738.427 
2638.428 2685.973 fe) 27 38.636 2 
2639.533 o 2686.624 fe) 2740.414 2 
2640.079 2686.777 2740.701 2 
2640.625 2687.277 2740.862 2 
2641.271 I | 2688.174 2 2742.801 ° 
2641.700 2 2689.447 2 2744.981 fe) 
2643-132 I 2689.904 4 2745-632 I 
2643.727 2 || 2691.483 oO 2748.003 2 
2644.211 4 || 2692.021 fe) 2748.964 2 
2645.207 | 2692.790 2 2750.970 
2647.817 2 || 2694.615 2 2751.246 2 
2649.428 2 2694.854 2751.875 0 


| = 
| 
| 
| 


V. 


H. KAYSER 


OSMIUM — continued. 


Wave-length 


Intensity 
and 
Character 


2753-792 
2754.780 
2755.680 
2756.095 
2757-902 
2758.775 
2758.923 
2760.168 
2761.184 
2761.530 
2762.745 
2763.371 
2764.032 
2764.637 
2765.143 
2765.54! 
2766.656 
2767.236 
2768.369 
2769.385 
2769.975 
2770.213 
2770.825 
2771.150 
2771.869 
2773.176 
2773-592 
2774-125 
2774-257 
2774.488 
2775-004 
2777.011 
2779.197 
2779.584 
2780.269 
2780.970 
2781.972 
2782.658 
2785.147 
2786.061 
2786.414 
2786.904 
2787.153 
278 9.620 
2791.007 
2792.844 
2794.091 
2794-309 
2795-275 
2796.221 


SCR 


| 
Intensity Intensity 
Wave-length and Wave-length and 
Character Character 
2796.833 2 2846.507 2 
2799.692 I 2846.707 2 
2802.039 I 2847.408 fe) 
2804.055 fe) 2848.360 2 
2804.185 2 2849.175 2 
2805.576 2849.427 
2807.025 5 2850.877 4 
2807.600 fe) 2853.441 
2807.910 | 2853.971 
2808.357 2855-455 I 
2809.045 4 2857.117 ° 
2809.815 | 2857.659 2 
2810.468 | 2858.210 
2810.680 2858.733 fe) 
2811.683 2 | 2860.184 | 2 
2813-130 | 2861.075 4 
281 3.904 2 2861.895 0 
2814.318 3 2864.366 2 
2814.602 fe) 2865.131 fe) 
2814.962 2 | 2865.802 | 2 
2815.380 I 2865.892 | ° 
2815.895 2 2867.216 I 
2818.897 fe) | 2872.529 3 
2819.349 I 287 3.126 
2819.601 ° | 2873.534 3 
2820.298 2 | 2874.700 I 
2820.682 2 | 2875.083 4 
2821. 367 2 2875.930 fe) 
2823.687 ||  2876.602 
2824.051 ° | 2877.464 3 
2824.283 2 | 2878.524 3 
2824.918 2879.095 
2825.013 I 2879.956 fe) 
2825.437 fe) 2880.327 2 
2827.038 2880.477 
2827.670 fe) 2884.064 I 
2829.138 fe) 2884.537 2 
2829.390 2 2884.967 fe) 
2829.468 I 2885.295 fe) 
2831.693 2 2886.182 I 
2832.345 2 2886.368 fe) 
2837.542 2 2886.622 2 
28 38.283 3 2889.280 I 
2838.751 5 2889.654 
2839.792 fe) 2890.970 2 
2840.557 2 2891.961 I 
2841.711 4 2892.466 I 
2844.501 4 289 3.014 
2844.802 2 2896.183 3 
2845.067 fe) 2898.023 


| | | 
| 


ARC-SPECTRA OF THE ELEMENTS 185 


V. OSMIUM —continued. 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and \ 
Character Character Character 
q 
2899.372 2937-111 2979.555 2 
2901.308 2938.491 2979.802 
2901.455 2 2938.590 fe) 2980.453 ° 
2903.193 2 2939-519 - ° 2982.252 2 
2903.354 2 2940.208 ° 2982.680 2 
2905.862 2 2940.694 fe) 2983.032 3 ) 
2906.103 2 2940.873 ° 2984.419 I 
2908.150 2 2942.267 I 2985.084 fe) 
2908.468 ° 2942.348 2 2985.752 2 
2909.185 6 2942.692 ° 2988.396 2 
2909.797 2 2942.981 2 2989.253 2 
2910.801 I 2943.291 2 2989.655 2 
2911.269 fe) 2943.756 I 2989.963 
2911.466 2 2945.437 fe) 2990.763 I 
2911.695 ° 2946.705 ° 2992.240 3 
2911.939 2947.277 2993.698 2 
2912.470 2 2948. 328 4 2994.908 
2913.969 2 2949.635 3 2995.298 Ce) 
2914.341 I 2949.930 I | 2995.762 2 
2914.841 2 2950.986 | 2996.385 fe) 
2915.382 ° 2951.357 I | 2997.777 3 
2915.586 fe) 2952.412 2 | 3000.234 I 
2916.193 oO 2955.128 I 3003.605 2 
2917.383 4 2956.629 2 | 3004.872 oO 
2917.946 3 2957.214 2 3005.064 fe) 
2919.053 fe) 2957.774 | 3005.878 ° 
2919.380 fe) 2958.467 I | 3008.022 2 
2919.935 4 2961,.140 4 3012.902 I 
2920.204 I 2961.526 fe) 3013.194 4 
2920.974 fe) i| 2962,272 4 3014.068 2 
2921.193 2 || 2962.465 2 3015.158 
2922.818 fe) 2962.819 3015.772 2 
2923.109 fe) | 2963.005 I 3017.380 3 
2923.298 2 2963.178 fe) 3018.169 4 
2924.617 2 2964.190 4 3018.440 ° 
2925.414 2 2964.890 ° 3018.744 ° 
2925.708 3 2965.215 I 3019.498 3 
2927.370 fe) 2966.217 ° 3020.782 3 
2929.646 2 2966.428 fe) 3021.226 
29 30.334 2 2966.685 3022.382 
2930.704 2 2967.860 3024.434 
2931.416 4 2969.938 ° 3027.659 I 
2931.879 fe) 2970.825 3027.790 
2932.585 2 2971.098 3 3028.032 2 
2934.111 3 2975.461 2 3029.496 2 
2934.420 fe) 2976.470 3030.817 4 
2934-779 3 2977-757 3 3031.122 2 
2935.083 fe) 2978.338 2 3031.418 2 
29 36.817 2 2978.645 2 3031.828 I 


| 
| | | 
| 
| 
| 


186 H. KAYSER 


V. OSMIUM—continued. 


| 
Intensity Intensity Intensity 
Wave-length and Wave-length and |, Wave-length and 
Character Character Character 
3032.924 2 3074.192 4 3116.593 2 
3033-331 2 3974.771 ° 3117.215 
3033.843 Ce) 3075.074 4 3118.014 | I 
3036.668 2 3076.845 I 3118.242 | 2 
3040.184 I 3077.167 3 3118.450 2 
3041.021 5 3077.557 2 | 3119.196 oO 
3042.860 — 2 3077.834 4 3120.016 2 
3043.622 2 3078.227 2 3120.777 fe) 
3043-793 2 3078.496 2 3121.307 fe) 
3044.040 I 3080.614 3121.592 fe) 
3044-191 2 3080.907 0 3124.142 I 
3044.525 2 3081.313 3125.643 | 
3045.031 2 3083.565 fe) 3127.620 | te) 
3045.430 2 3084.715 3128.677 I 
3045.898 2 3085.004 2 3129.348 2 
3046.200 || 3085.982 3130.125 2 
3047-574 I || 3086.394 2 3131.021 | 0 
3049.172 2 3087.125 ° 3131.227 4 
3049.580 3 3087.868 2 3131.600 I 
3050.517 3 3088. 385 3131.995 
3051.280 2 3088.545 0 3133-953 | I 
3052.540 2 3090.205 2 3134.805 | ° 
32953.004 3090.416 2 3135.126 | 
3053-743 3090.613 2 31 36.334 | 
3054.091 2 3001.368 2 3136.785 fe) 
3054.620 I 3092.613 3137.421 
3054.780 fe) 3093.704 3 3137.636 2 
3055.086 2 3194.192 I | 3138.157 I 
3055.326 2 3102.503 I | 3139.745 ° 
3055.726 fe) 3102.835 2 3140.43! 2 
3056.315 fe) 3103.412 | 3141.056 2 
3057-014 I 3105.098 2 | 3143.169 2 
3058.782 6 3106.114 3 | 3144.471 2,d? 
3060.248 fe) 3106.762 | 3146.074 2 
3060.412 3 3107.119 | 3146.843 fe) 
3061.814 I 3107.495 2 | 3147.601 oO 
3062.039 3107.989 2 | 3149.365 
3062.297 4 3108.098 2 3149.927 I 
3062.584 I 3108.846 3150.260 
3062.803 2 310g.102 3 3150.730 0, U 
3063.480 I 3109.504 4 3151.005 fe) 
3065.391 fe) 3109.800 2 3152.181 3 
3065.783 fe) 3110.538 I 3152.806 4 
3066.225 2 3110.743 2 3153-727 4 
3066.715 I 3111.196 3 3154.666 oO 
3066.945 2 3112.630 oO 3155.450 I 
3070.049 3 3113.405 | oO | 56.365 6 
3070.374 I 3114.932 2 | 3156.878 3 
3071.974 I 3115.150 | I | 3157.102 fe) | 
3072.681 3115.838 | fe) 3157-342 I 


| 
| 
| 


| 


: 

| 
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Vv. OSMIUM —continued. 


187 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
3159.477 ° 3220.318 I 3275.320 4 
3160.397 3220.408 3276.533 
3160.540 fe) 3220.895 4 3278.086 4 
3161.547 I 3221.444 oO 3279.590 I 
3161.837 I 3223.987 I 3281.028 2 
3164.550 3226.579 3281.778 ° 
3164.718 2 3227.409 2 3284.680 fe) 
3165.772 2 3229. 336 3288.616 
3166.611 4 3230.525 o 3288.960 2 
3168.390 2 3231.410 oO 3289.387 4 
3171.249 ° 3231.543 2 3291.259 I 
3173.306 2 3232.072 2 3298.374 fe) 
3173.609 ° 3232.196 4 3301.692 7 
3174.037 4 3232.672 I 3301.990 I 
3174.284 I 3234.318 2 3304.980 ° 
3175.781 3234.651 3305.501 2 
3177-522 I 3234.858 3306.352 2 
3178.184 | 4 3238.304 I 3311.035 4 
3178.357 | 2 3238.751 4 3312.178 ° 
3180.237 | I 3239.398 3315-555 2 
3181.907 I 3241.159 3 3315.816 2 
3183.341 3241.642 2 3316.822 2 
3183.661 I 3241.933 3317-420 
3183.905 ° 3242.108 I 3317-998 fe) 
3184.458 | 3243.700 3318.284 
3185.304 | 3248.106 3318.724 fe) 
3185.439 | 3 3250.695 3322-175 
3186.516 2 3250.974 ° 3322.734 I 
3186.643 2 3255.038 3 3324.486 4 
3187.096 4 3255.139 fe) 3324.876 0 
3187.443 2 3255.414 fe) 3325.518 2 
3189.566 3 3257.051 4 3325-644 te) 
3193.986 2 3259.530 ° 3327-562 4 
3194.350 4 3260.420 3 3329.252 fe) 
3194.805 3 3260.683 I 3333-986 ° 
3195.494 2 3262.428 6 3334-295 2 
3196.082 I 3262.880 4 3.330.282 4 
3196.152 3264.820 2 3339-601 
3197.310 3266.565 2 3340.851 
3202.956 I 3266.890 re) 3342.018 2 
3204.155 2 3267.338 2 3348.791 2 
3204.646 ts) 3268.080 6 3351.853 2 
3205.909 oO 3269.340 4 3354-042 I 
3212.240 2 3270.025 ° 3358.005 4 
3212.840 2 3271.002 ° 3359.876 I 
3213.418 3 3271.320 oO 3361.280 3 
3216.340 3272.118 3361.905 ° 
3217.177 I 3272.301 3 3362.716 ° 
3218.153 fe) 3272.607 fe) 3364.250 I 
3219.260 3273-513 I 3364.486 


a 
| 


188 H. KAYSER | 


V. OSMIUM — continued. 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 

3368.617 2 3469.517 fe) 3965.106 I 
3370.340 2 3477-798 to) 3969.832 2 
3370.725 4 3478.670 3975-596 3 
3371.602 I 3482.269 2 || 3977.389 4 
3372.929 fe) 3482.380 2 | 3979.524 ° 
3373-337 3.487.387 2 || 3988.340 2 
3375-262 | fe) 3487.610 2 3988.785 
3377.088 | 2 3488.915 2 || 3995-103 
3380.674 | 3490.464 2 3996.979 | 
3381.814 | 2 3498.686 2 3999.110 fe) 
3383.042 | 2 3501.314 2 4003.652 2 
3384.7 32 2 3504.811 4 4004.184 2 
3386.077 2 3513-145 I 4015.203 
3386.277 | 3 3513-791 2 4018.425 0 
3387.970 | 4 3528.743 3 4035.249 ) 
3388.794 1 3598.260 2 4036.640 fe) 
3391.401 I 3601.984 4038.009 fe) 
3395.862 2 3604.624 a 4038.813 fe) 
3396.973 2 3616.726 2 4042.081 2 
3397.910 3630.099 fe) 4048.216 
3398.713 3640.487 4 4051.584 | 
3400.264 3648.962 I 4053.417 2 
3401.315 2 3653.873 4055.647 | I 
3402.002 4 || 3654.631 2 4055.859 
3402.643 3 | 3657.048 2 4066.460 | fe) 
3402.855 Co) | 3671.040 3 4066.862 3 
3406.423 2 3675.599 I 4071.020 | 
3406.816 2 | 3681.705 2 4071.169 oO 
3408.906 2 | 3689.191 4 407 3.768 | 2 
3412.908 || 3691.750 4074.829 | 
3412.946 fe) || 3700.688 I 4088.598 fe) 
3.414.390 I 3703.391 2 4091.980 | 2 
3421.558 | 3746.612 | 4097.087 | I 
3421.837 2 | 3895.331 | 4098.233 | 0 
3422.800 I | 3900.541 | 2 4100.436 | ) 
3427.590 fe) | 3901.851 2 4112.177 | 2 
3427.816 5 3915.543 4124.760 fe) 
3434.023 4 3925.253 I 4129.114 Co) 
3437.150 2 | 3926.923 | I 4135.955 4 
3437.642 || 3928.557 4138.021 I 
3438.792 3928.691 4152.448 | 
3439.639 I | 3930.148 fe) 4172.708 I 
3444.616 2 3931.660 2 | 2 
3445.695 3 || 3938-739 2 4175.783 I 
3449-352 4 || 3939-704 I 4190.059 2 
3455-172 2 | 4201.541 
3459.163 2 || 3952.904 fe) 4212.028 3 
3462.335 I || 3960.656 4219.005 
3465.029 fe) || 3961.159 2 4229.531 
3465.585 2 3963-774 | 4 4233.630 I 


| 
| x xt | 
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V. OSMIUM — continued. 


189 


Wave-length 


4241.682 
4251.321 
4252.718 
4261.011 
4264.89 3 
4269.526 
4269.767 
4270.952 
427 3.984 
4275-074 
4277-315 
4281.535 
4286.056 
4294.105 
4296. 382 
4297-550 
4299.870 
4309.041 
4311.561 
4317-754 
4319.513 
4320.413 
4328.838 
4335.913 
4342.681 
4351.605 
4354-631 
4358.157 
4358.318 
4361.126 
4365.835 
4370.826 


Intensity 
and 
Character 


Wave-length 


4377-070 
4385.068 
4386.485 
4390.406 
4391.251 
4395-040 
4397-424 
4400.75} 
4402.901 
4404.375 
4410.899 
4411.298 
4420.639 
4428.059 
4432.584 
4436.490 
4437-258 
4439-808 
4445-582 
4445-854 
4447-535 
4459 646 
4459-790 
4462.473 
4406.134 
4479-974 
4484.935 
4488.771 
4503-474 
4507.590 
4514.445 
4519.050 


Intensity 
and 
Character 


Wave-length 


Intensity 
and 
Character 


4525.035 
4529.848 
4540.093 
4548.836 
4550.584 
4551.461 
4595.206 
4597.321 
4616.948 
4632.000 
4634.930 
4642.010 
4663.977 
4692.220 
47 38.215 
47 38.508 
4744.050 
4755-332 
476 3.263 
4794-177 
4816.105 
4865.759 
4899.386 
4912.771 
4937.522 
5031.988 
5103.670 
5149.8905 
5202.789 
5523.786 
5728.735 


OR ONNWMO KF NNK NP OK NH 


190 H. KAYSER 


VI. IRIDIUM, 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
2321.481 fe) 2395-974 fe) 2456.882 
2321.622 2398.824 2457.123 2 
2324.006 fe) 2401.866 2 2457-312 2 
2324.754 fe) 2402.379 I 2462.454 
2325.029 I 2403.113 oO 2463.118 I i 
2328.046 fe) 2405.955 2464.462 
2328.324 2406.115 2467.382 3 
2328.598 fe) 2409.465 I 2468.263 ° 
2328.790 0 2410.264 2 2468.705 I 
2329.469 2410.818 I 2469.594 
2333-372 2 2414.473 | 2469.848 
_ 2333-917 2 2415.950 2 | 2470.143 ° 
2334-406 fe) 2416.334 | 2470.607 fe) 
2334-575 2 2416.672 | 2472.709 fe) 
2337.628 fe) 2418.190 2 | 2474.170 I 
2342-573 2418.657 | 2475-209 4 
2342.763 I 2420.698 I | 2478.190 I 
2343-062 fe) 2421.306 2479.255 
2343-255 2 2422.286 2480.685 
2343-084 2 2424.406 fe) 2481.262 3 
2347-329 I 2424.741 2482.383 | 
2349.400 fe) 2424.97I I 2486.463 
2349.790 ° 2425.069 2 2486.826 | fe) 
2350.136 ° 2425.744 2 | 2488.325 0,u 
2351-492 I 2426.622 I || 2489.293 
2352-705 2426.875 || 2491.77 
2355.082 2 2427.189 || 2492.406 
2356.122 fe) | 2427.694 2 | 2493-163 2 
2356.388 fe) 2427.878 fe) 2495.680 I 
2356.674 2 | 2429.830 2495.951 
2357-623 | 2431.331 2 2496.360 2 
2358.245 I | 2432.021 2 | 2500.357 Oo 
2359.668 | 2432.439 I || 2502.710 2 
2360.790 2 | 2432.667 2503.068 4 
2363.134 4 2433-433 | ) 2504.446 2 
2365.849 I 2434.107 | 2505.308 
2367.469 oO 2436.513 | fe) 2505.814 I 
2368.120 4 2445.184 ° 2507.712 2 
2368.486 2445.436 2 2508.4 34 
2370.462 2 2446.926 2509.798 
2372.856 4 2447.583 oO 2512.016 I 
2375-195 2 2447.850 2 2512.191 o 
2381.714 2 2448.316 I | 2512.665 2 
2383.270 I ‘| 2449.112 I || 2513-799 2 
2383.840 || 2449.916 2515-448 
2386.665 I || 2452.893 3 | 2521-175 fe) 
2386.981 2 || 2454.212 I | 2523-290 ° 
2390.706 2 2454.945 2524-953 
2391.282 3 2455.691 2 2526.856 fe) 
2394.404 | 2455-949 2 2527-868 


| 


ARC-SPECTRA OF THE ELEMENTS 191 
VI. IRIDIUM —continued. 
Intensity Intensity Intensity 
Wave-length and || Wave-length and Wave-length and 
Character Character Character 
2528.011 2589.057 2653.124 3 
2529.559 I 2589.231 oO 2653.853 2 
2529.870 fe) 2589.470 fe) 2654.033 2 
2530.200 2590.296 2654.670 fe) 
2530.498 ° 2591.129 I 2656.898 3 
2530.786 2591.927 I 2657.587 
2532.290 ) | 2592.146 4 2657.799 2 
2534.103 2593.224 I 2657.993 
2536.760 fe) 2595.188 fe) 2660.040 
2537-309 2 2595-914 2 2660.163 
2537-770 I 2599.129 2 2661.080 te) 
2538.548 2599.224 2662.080 6 
2538.949 fe) 2602,122 2 2662.706 4 
2540.483 I 2604.645 2 2663.400 2 
2541.556 I 2606.081 fe) 2664.871 5 
2542.0907 2 2606.668 2665.144 
2544.059 S,u 2607.608 2 2667.540 2 
2545.620 I 2608.314 4 2668.362 ° 
2545.868 fe) 2609.996 ° 2669.070 2 
2547.278 I 2610.198 oO 2670.006 3 
2550.987 2611.384 3 267 1.930 4 
2551.475 2 || 2612.136 fe) 2672.888 ° 
2554.480 2 || 2612.344 I 267 3.694 4 
2555.425 2 2614.287 I 2675.376 te) 
2555-955 I 2615.064 2 2676.911 2 
2556.860 I || 2616.090 2 2677.899 fe) 
2557-285 ||} 2617.177 2679.506 fe) 
2558.821 || 2617.514 fe) 2681.184 2 
2559.643 2617.872 2 2682.5 36 2 
2562.999 | 2618.352 268 3.387 
2563.365 I ||  2619.967 2 2688. 381 
2564.253 4 2620.102 2689.769 
2564.922 fe) | 2621.610 fe) 2691.154 2 
2566.442 | 2622.203 fe) 2691.998 te) 
2568.407 fe) 2623.736 I 2692.267 
2569.962 2 2625.396 2 2692.429 4 
2572.156 2 2626.844 2 2692.964 2 
2572-459 2 2628.271 fe) 2693.571 2 
2572.784 3 2629.498 2 2694.320 6 
2573-338 2634-340 3 2695.550 
2577-622 fe) 2634.513 2696.010 I 
2578.794 2 2635.353 2 2698.688 2 
2579.008 2 2636.967 te) 2701.200 2 
2579-573 2 2637-407 2704.117 3 
2579.860 2639.073 2 2704.722 
2581.019 2639.510 2 2705.213 
2581.523 2640.462 2 2705.296 
2583.261 I 2644.279 2 2705.453 ° 
2584.867 (3) 2646.334 2 2705.632 I 
2586.146 2650.584 2706.985 


‘ 

| 
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VI. IRIDIUM —continued. 


Wave-length 


2707.265 
2708.752 
2710.177 
2711.402 
2712.817 
2713-195 
2714.643 
2716.612 
2717-730 
2719.906 
2720.534 
2721.443 
2723.248 
2723.849 
2724.884 
2726.566 
2728.224 
2728.494 
2729.638 
27 30.500 
2731.954 
27 32.752 
2734-596 
2735-165 
27 30.509 
27 38.875 
2739-413 
2740.085 
2740.166 
2740.267 
27 40.432 
2743-477 
2743-709 
2744.091 
2747-333 
2747-602 
27 48.395 
2749.075 
2753-954 
2756.206 
2758.325 
2759.100 
2759.405 
2760.009 
2760.207 
2760.474 
2761.227 
2761.700 
2763.287 
2707.423 


| 


Intensity 
and 
Character 


OR OOK ONO O 


OO 


| | 
| Wave-length | 


| 2 


2775-073 
2775-646 
|| 2777.149 
|| 2777-536 
2777-645 
2779.752 
2780.507 
2781.047 
| 


| 
| 
| 
2774.685 | 
| 
| 


2781.401 
2752.342 | 
2782.885 | 
2783.492 
2783-797 
2785.319 
2787.0909 

| 


2787.687 
2789.066 
2790.795 
2793-907 
2794.189 
|| 2796.558 
2797-450 | 
2798.283 | 
2799-522 | 
2799.835 | 
2800.755 | 
2800.923 
2804.300 
2806.479 
2806.772 
2807.754 
2808.249 
2810.657 
2812.896 
2814.532 
2814.966 
2815.744 
2816.409 
2817.039 
2817.284 
2819.848 
2820.614 
2820.7 38 
|} 2823.280 
2823.831 
2824.228 


Intensity 
and 
Character 


Wave-length 


2824.546 
2826.316 
2827.259 
2829.720 
28 30.264 
28 30.601 
2830.964 
2831.455 
2831.912 
28 32.874 
2833-337 
2833-777 
2835.408 
2835.762 
28 36.197 
28 36.506 
28 37.421 
2839.2! 
2840.3 
2841.7 
2842.390 
2845.009 
2845.245 
2846.7 
2848.5 
2849.5 
2849.8 
2850.906 
2851.161 
2851.518 
2851.648 
2852.605 
2853-416 
2854.722 
2855-931 
2e 56.048 
2857.058 
2859.138 
2860.126 


2866.798 
2869.815 
2870.304 
2870.698 
2872.227 
287 3.929 
2875.721 


2876.096 


Intensity 
and 
Character 


| 
| 
— - 
| | 
| | 
| | 
| 
| | 
| 
| 
/ 
| 
| oO 
2860.767 | 
2862.455 
2862.955 
| | 
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VI. IRIDIUM —continued. 


| 
Intensity Intensity | Intensity 
Wave-length and Wave-length and Wave-length and i 
| Character Character | Character 
| | | 
2877.ic8 | | 2931.821 2982.962 | 
2877.781 4 | 2933-252 2 || 2985.921 | 4 | 
2878.632 | 2 | 2934.748 4 | 2988.335 fe) 
2879.515 | 4 2935.305 0 || 2990.746 | 3 | 
2879.878 2935-427 | 2991.520 | I 
2880.174 | oO |} 2936.814 | 3 2993.184 2 
2880. 324 | 2 2937-371 | | 
2881.270 | 2 | 2937.656 2996.202 4 
2882.742 4 || 2938.097 fe) 2996.785 | 
2882.970 , oO 29 38.606 3 2997.314 3 
2883.549 | 2 || 2938.877 2999.155 | 
28 5.615 || 2939.390 | 3000.149 | 2 
2887.240 2 || 2940.548 | 3001.383 | 
2889.688 I '|  2940.669 2 3002.086 I 
2890.634 fe) 2941.197 2 3002.375 | 4 
2892.371 I 2943-287 5 3003.761 | 4 
2893.785 2947-093 4 3004.429 
2894.388 fe) 2949.882 3 3005.338 3 
2895.705 2950.606 i 3007.745 
2897.070 2 2950.883 2 3007.838 fe) 
2897.260 4 2951.266 2 || 3008.753 I 
2897.783 fe) 2951.363 2 3010.020 3 
2398.455 2 2952.686 Z011.812 3 
2899.055 fe) 2953.205 fe) 3012.695 2 
2899.733 3 2954-909 I 3012 984 I 
2900.165 2956.301 || 3014.585 I 
2900.492 2 2956.699 3014.854 I 
2902.4 30 2959.049 ||  3016.550 3 
2903.852 | 0 2959.573 || 3017.450 4 
2903.995_ | 2961.009 2 3Z018.151 2 
2904.913 4 2961.595 2 3019.350 4 
2905.744 2 2962.580 I 3020.125 | 4 
2907.353 4 2963-111 4 3022.536 | 3 
2909.669 4 2965.095 3022.807 | 3 
2909.912 o 2965.329 | 3 || 3024.410 | 2 
291 3.592 fe) 2966.245 | 2 3026.489 I 
2915.625 2967.360 | 3029.487 4 
2915.793 oO (| 2968.334 | 2 3030.365 I 
2916.479 4 2971.205 | 2 3030.568 fe) 
2917.347 || 2972.119 || 3032.528 3 
2917.885 2 || 2972.646 || 3033-744 3 
2918.68 3 3 2974.220 I || 3034.675 2 
2919.299 fe) 2974.659 I | 3036.361 fe) 
2921.237 fe) 2975.062 4 3037.861 3 
2924.912 7 2976.857 || 3039.378 5 
2926.212 fe) 2978.056 2 3040.580 4 
2927.129 | 2 2980.375 fe) 3041.056 I 
2927.833 | 2980.578 3041.979 I 
2930.298 | 2 2980.776 4 3042.429 0 
2930.743 | 3 2981.042 2 | 3042.760 2 


| 


| | 
| 
| 
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VI. IRIDIUM— continued. 


Intensity | Intensity | Intensity 
Wave-length and | Wave-length and Wave-length and 
Character Character | Character 
3043.671 ° 3088.163 4 3154.679 2 
3044.255 3089.660 | 3154.874 3 
3045.768 fe) | 3090.277 2 | 3156.274 2 
3047.277 4 |  3090.871 | 3157-614 2 
3047.905 I | 3091.254 3157.836 
3048.783 I | 3094.144 2 | 3159.280 5,d? 
3049.559 4 3094.326 I | 3159.644 2 
3050.134 I 3097-147 ° 3159.992 I 
3051.243 3 3097.482 fo) 3161.477 2 : 
3052.288 3,d? 3097.931 2 | 3161.948 2 ; 
3053-709 3 3098.555 3162.445 
3054.351 ° 3099.055 2 | 3162.871 G 
3054.570 I 3100.586 2 3162.953 fe) 
3056.770 oO 3101.288 2 | 3163.972 I 
3057-398 | 2 3103.667 I 3164.376 fe) 
3057-590 | 2 3103.875 2 3165.323 I 
3058.087 3104.301 3165.833 I 
3058.438 fe) 3106.072 3166.886 2 
3059.858 I 3108.670 3167.328 3 
3060.114 I 3112.475 2 || 3167.792 0 
3060. 460 || 3113.259 I |  3168.297 3 
3060.950 2 | 3113.908 | I | 3168.404 I 
3061.515 4 | 3114.170 | 4 || 3168.673 fe) ? 
3064.216 3114.669 | 4 3169.010 5 
3064.622 4 3117.457 |] 3171.812 | 2 
3064.904 3 | 3117.645 2 |} 3172.915 | 3 
3065.292 3117.968 fe) 3173-222 
3065.944 0 3118.967 I } 3173-466 | I 
3066.167 | 3119.422 3176.106 | 
3066.766 3120.885 5 | 3177-325 | 
3068.507 I || 3121.894 4 | 3177-712 4 
3069.005 4 3122.509 4 | 3178.811 | 2 
3069.220 2 | 3123.334 2 3179-328 3 j 
3069.825 2 | 3124.024 3180.487 2 
3072.078 | 3124.203 2 | 3182.514 | fe) 
3072.904 Oo | 3128.510 4 | 3182.924 I 
307 3-390 2 | 333.210 2 | 3186.030 | 
307 3.800 3133.432 5uR || 3186.184 
3074.864 2 | 3135.358 fe) | 3186.667 I 
3076.800 4 | 3139.704 2 | 3188.487 fe) 
3077.996 3141.947 I 3188.702 I 
3078.793 2 || 3142.371 I 3189.486 2 
3079.892 3142.994 | 3193-240 | I 
3081.709 I 314 3.668 fe) 3193-345 | 2 
3082.828 | 3147.860 2 3195.882 | 
3083.085 I | 3148.346 oO 3198.226 | 2 
308 3.343 4 3150.128 te) | 3199.058 | 5 
3085.088 I 3150.727 2 3200.166 | 
3086.564 4 3151.748 2 ||} 3201.027 | 2 


| 
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VI. IRIDIUM—continued. 


Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
3202.023 3245.510 ° 3303-771 3 
3202.250 3246.431 2 3304.460 fe) 
3204.230 fe) 3246.951 3305.057 3 
3204.587 2 3247-417 I 3305-787 I 
3205.227 4 3249.638 2 3305.980 2 
3205.837 ft) 3249.866 3 3307-774 2 
3208.287 2 3253-497 I 3308.581 te) 
3209.050 3254-542 4 3308.939 
3210.131 2 3256.194 2 3309-535 2 
3212.240 3 | 3256.346 I 3310.052 fe) 
3212.350 2 3257-916 2 3.310.674 4 
3212.629 | 3262.147 4 3311-161 2 
3213.681 4 | 3262.852 2 3311.365 oO 
3216.431 3263.062 2 3.312.268 4 
3216.905 I 3263.436 2 3313-472 ° 
3217.301 | 3265.399 fe) 3316.129 
3217-700 0, u | 3266.580 6 3.316.534 0,u 
3218.593 | 4 3267.236 I 3316.771 4 
3220.924 | 6,u 3268.663 oO 3317-457 2 
3221.415 3 3269.835 fe) 3317-664 fe) 
3222.600 I 3271.372 4 3318.596 2 
3222.854 | te) 3271.936 4 3318.812 ° 
3223.138 | 3272.772 3319-231 2 
3223.645 | 2 3274.686 2 3319.680 ° 
3224.016 | 2 3275.167 2 3320.504 I 
3224.637 | fe) | 3275.452 I 3321-901 
3226.840 | 3 | 3275-735 2 3322-750 4 
3227.675 | ° | 3276.291 I 3323-011 4 
3228.672 | fe) | 3277-422 4 3326.056 fe) 
3229.412 5,u | 3280.011 fe) 3326.245 2 
3230.903 5 3280.705 I 3326.687 ° 
3232.145 5,u | 3282.024 fe) 3327-039 2 
3232.342 I | 3282.458 2 3327-688 ° 
3232.618 3284.456 I 3330-968 fe) 
3235-370 3284.695 I 3333-600 
3235-537 3285.721 3334-318 4 
3237-115 fe) 3287.198 4 3335-185 fe) 
3238.003 oO 3287.726 4 3336.195 2 
3238.414 I 3290.640 3337-637 
3238.675 3291.010 3337-985 I 
3240.351 4 3291.187 ) 3338-535 4 
3240.688 2 3294.150 fe) 3339-028 fe) 
3241.395 fs) 3294.251 3339-532 3 
3241.640 4 3295.220 2 3340.485 2 
3242.132 I 3297.655 2 3342.930 oO 
3242.462 2 | 3300.732 3343-182 
3242-734 2 | 3301.502 3343-745 
3243-568 | 3301.735 3344.360 2 
3244-887 | 3301.900 I 3346.609 I 
3245.022 2 3303.236 2 3347-695 2 


| 
i 
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VI. IRIDIUM—continued. 
| Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
| | | 
3348.015 I 3420.111 3557-325 | 3 
3352.987 fo) 3420.646 2 3559.160 3 
3353.096 I 3420.895 fe) 3.508.156 I 
3355-739 fe) 3421.923 2 3573-888 3 
3355-942 3424.854 4 3594.308 2 
3356.342 | I 3425-526 I 3594-557 4 
3356.697 | fe) 3429.026 2 3596.356 fe) 
3359.262 3429.748 3598.9 36 4 
3360.038 | 6 3430.197 2 3001.568 4 
3360.950 | 7 3430.941 3605.958 | 2 
3364.380 | 2 3431.476 I 3609.933 | 4 
3395.273 3432-930 3617.378 4 
3365.678 | oO 3433-475 2 3619.326 2 
3367.063 | 2 3434-915 2 3623.976 I 
3367.210 | 2 3435-200 oO 3625.872 3 
3368.640 | 6 3435-554 3626.460 4 
3370.785 | 2 3437-189 6 3628.843 5 
3371-594 | 4 3437-070 4 | 3029.317 2 
3372.958 I 3438-244 2 | 3629.911 3 
3374-597 2 3445-682 oO 3630.37 4 
3374-942 ty) 3446.476 4 3641.037 I 
3376.146 3446-793 2 3645-468 I 
3377-288 0, u 3448.621 fe) | 3647.857 I 
3378-119 0, u 3449-133 6 | 3653.358 I 
3378.550 0,u 3450.916 I 3657-774 
3379-993 2 3455-949 2 3661.527 2 
3381.151 3 3465.390 4 3661.867 5 
3383-474 ) | 3468.749 2 3664.780 4 
3383 917 3476.182 3675.160 4 
3385.272 2 3476.611 2 3688. 321 I 
3385-752 2 3477-930 I || 3689.476 0 
3386.330 2 3481.254 I | 3692.851 % 
3386.417 fe) | 3482.760 | 3 || 3696.308 2 
3386.678 | 3484-256 | 2 || 3698.261 2 
3388.023 I | 3484.649 4 3701.107 2 
3388.158 2 | 3485.660 3 3707.147 
3389.473 I 3488.727 2 37 12.630 3 
3391.032 I 3492.217 | fe) 3721.628 I 
3395-129 3 3494-787 | 3 37 22.904 3 
3401.927 4 3496.580 I 3725.536 3 
3402.182 2 3499-272 | I 37 31.504 4 
3402.962 2 3503.088 2 37 34.900 I 
3409.931 2 3508.731 I 37 38.682 2 
3410.180 2 3510.793 2 3742.948 I 
3411.730 | 2 3512.054 I 3747-352 4 
3412.762 2 3512.356 2 3750.539 2 
3415.408 3 3513-807 4 3768.817 2 
3415.906 2 3516.110 2 3794.211 fe) 
3418.533 3522.191 2 3799.047 
3419.592 4 3552.223 2 3800.243 2 
4 


| 
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VI. IRIDIUM—continued. N 
| 
Intensity Intensity Intensity 
Wave-length and Wave-length and Wave-length and 
Character Character Character 
\ 
38176385 4172.736 I 4478.649 4 
3889.715 fe) 4182.626 I 4491.523 2 
3902.032 3 4200.031 2 4492.333 I 4 
3902.807 2 4212.197 4495.525 3 
3909.219 fe) 4212.383 2 4496.200 I ‘ 
3915.055 2 4217.908 2 4533-003 2 M 
3915-538 4 4218.243 4538.819 I 
3923-634 2 4218.428 1 4545.837 4 
3924.573 I 4220.950 2 4548.645 4 
3931.903 4223.327 4550.941 2 
3934.063 2,u 4230.486 4568.246 4 
3935.005 4 4240.44 0 4570.183 2 \ 
3941.242 4241.198 fe) 4604.629 3 
3946.420 4 4257.528 2 4616.549 6 \ 
3948.459 I 4259.280 4 4640.231 2 4 
3950.259 4261.408 2 4656.329 4 
3952.099 2 4262.051 4669.130 2 
3956.262 fe) 4265.450 2 4702.751 fe) \) 
3962.926 2 4266.202 I 4709.034 2 if 
3976.466 5 4266.5 32 472.005 4 
3978.240 4268.251 4 4732.014 I 
3985.003 2 4269.101 4756.613 4 
3987.963 2 4286.776 2 4758.107 2 . 
3989.575 2 4300.802 I 4778.330 4 
3992.277 6 4301.776 4 4795.827 3 
3996.602 fe) 4305.359 4807.302 
4005.164 I 4310.750 4 4809.636 2 
4005.717 I 4311.669 5 4840.934 2 
4020.194 5 4316.456 I 4845.539 fe) 
4033.923 4 4330.060 ° 4938.225 I 
4040.224 4 4.332.490 4939.311 
4040.578 I 4351.462 I 4970.629 oO 
4048.782 fe) 4352.720 | 2 4999.898 2 
4051.071 2 4362.289 | I 5002.874 I 
4055.833 4377-175 3 5046.227 
4056.620 2 4380.930 0, u 5050.001 fe) 
4059.377 2 4392.758 3 5178.128 I 
4070.067 4 4399.045 6 5239.091 I 
4070.822 3 4403.952 4 5340.932 I 
4072.532 2 4406.926 5357.081 
4075.774 2 4411.344 2 | §364.507 2 
4080.7 37 2 4422.12! I | 5449.716 4 
4081.564 4425.936 5454-724 2 
4082.542 I | 4426.459 6 ‘| §469.648 I 
4092.767 3 ‘| 4.449.540 | §620.266 I 
4115.957 4 4450.346 2 || §625.772 3 
4166.224 3 4452.987 I | 5894.324 2 


Bonn, November 19, 1897. 


MInoR CONTRIBUTIONS AND NOTES. 


NOTES ON THE USE OF THE GRATING IN STELLAR 
SPECTROSCOPIC WORK. 

THE results which have been obtained by Professor Poor in the 
direct use of the concave grating as an objective spectroscope in stel- 
lar spectroscopic work seem most promising. The writer (in common, 
no doubt, with many others) has long had in mind the utilization of 
gratings, both plane and concave, in this line of work. About two 
years ago (October, November 1895) I developed the general theory 
of the objective grating," and indicated a number of methods of con- 
structing, mounting, and using such gratings. At that time I made a 
number of laboratory experiments with the form of concave grating 
mounting now used by Professor Poor, and a little later, in conjunction 
with Professor Hale, made a practical test of a 12-inch wire grating, 
constructed under my direction in the Kenwood instrument shops, and 
attached to the Kenwood telescope. With this instrument the spectra 
of a number of stars were obtained, some as faint as the 3.6 magnitude. 
The details regarding some of the exposures are given in the following 
table. The plates used were ordinary Seed “‘26.”" In many cases, where 
the exposure was sufficiently long to show more than one order of 
spectra, the development was arrested before it was complete in order 
to avoid too great density in the spectra of the first order. 

The results, therefore, were very satisfactory as regards the neces- 
sary times of exposure (which in many cases, ¢. g., GG 10, 11, 17, 19, 
20, 21, might have been made much shorter by making the spectra 
narrower). Considering the small photographic resolving power, 
which was between 500 and 800 units, or about the same as that of a 
flint prism of something less than one-fourth of an inch base, and the 
generally bad atmospheric conditions during the months in which the 
experiments were carried on (March, April), the definition in the best 
of the spectra obtained, and the resulting degree of accuracy with 

™“ The Modern Spectroscope. XV. Use of the Concave Grating as an Analyzing 


or Direct Comparison Spectroscope,” this JOURNAL, January 1896, pp. 54-62. “The 
Modern Spectroscope. XIX. The Objective Spectroscope,” zé7d., June 1896, pp. 


75-78. 
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10 Marclt 21| 8 Leonis | +2.2 | 20.0 | 0.6% 
11 | March 23| Sirius | —1.4 33 | 2.5 
12, March 23| Sirius |—1.4 | 10.0 0.3 


16 | March Procyon |-+0.5 ; 80 | 0.2+ 
17| April 3 | y Leonis |+2.2 | 3.0 | 0.8 


18| April 3 | ¢ Leonis | +3.6 | 13.0 | 0.1§+ 


19| April 4 | 8B Leonis | +2.2 4.0 I.I 


20| April 6 | 6 Leonis |+2.8 | 80 | 07+ 


21| April 6 |8Leonis(?)| +2.8 5.0 0.5 
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38 
4 Date Star Mag.? Remarks 
Bo 
GG min, mm 
5 | March 11| Procyon | +0.5 1.0 | 0.2 Ist order, overexposed 


Ist order, somewhat overexposed 
2d order, distinct but underexposed 
3d order, traces 


Ist order, overexposed 
2d order, distinct but underexposed 
3d _ order, traces 


Ist order, much overexposed 
2d_ order, fully exposed 
3d_ order, distinct but underexposed 


2d_ order, fully exposed 
3d_ order, distinct but underexposed 


Ist order, fully exposed 
2d order, underexposed 


“Ist order, much overexposed 
2d_ order, nearly fully exposed 
3d_ order, distinct but underexposed 


Ist order, little overexposed 
2d order, underexposed 
3d_ order, traces 


Ist order, overexposed 
2d order, underexposed 


Ist order, fully exposed 
2d_ order, distinct traces 


Ist order, much overexposed 
| 


which the aésolute wave-lengths of the lines could be determined 
directly from the plates, were also most satisfactory.» The dismount- 
ing of the Kenwood telescope soon after this, temporarily put an end 
to these experiments. It was intended, as indicated in our paper,‘ to 


2 Owing to the chromatic aberration of the object-glass (the photographic objective 
was used) and the varying sensitiveness of the plates for different wave-lengths, the 
spectrum varies in width from point to point in any one order and is also different for 
different orders. The value given is the average width for that part of the spectrum 
for which the exposure is about normal. 


3 Loc. ctt., pp. 76, 77. 4 Loc. cit., p. 78. 


| 

| 

| 
| | | 
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undertake the construction of a larger wire grating for the 40-inch 
telescope, the one constructed for the 12-inch having (necessarily) too 
small a resolving power to be useful for anything more than a prelim- 
inary study of the method. 

In comparing the efficiency of the concave and plane grating 
in stellar spectroscopic work, it may be noted first of all that the 
former has the same advantage over the latter, when used as an objec- 
tive spectroscope, as when used in the laboratory ; 7. ¢., it avoids all the 
losses due to the absorption, reflection, and diffusion of light by the 
additional lenses or mirrors necessary in the plane grating train ; losses 
which become particularly serious in the case of large objectives when 
we are working with the ultra-violet or infra-red part of the spectrum. 
But although these advantages were fully recognized at the time the 
laboratory experiments already referred to’ were made, it was feared 
that with the gratings of the linear and angular aperture then available, 
the time of exposure required to obtain good sfe//ar spectra would be 
so long as to make the use of such gratings impracticable for any but 
the very brightest stars. Professor Poor’s results with a comparatively 
small grating (ruled surface 1 by 2 inches, focal length about 40 
inches) show, however, that the advantages attendant upon getting rid 
of the losses of light by the absorption and diffusion of the large tel- 
escope objective, are more considerable than was anticipated, and it 
now becomes of interest to determine as well as may be from his 
results. what may be expected from concave gratings of larger linear 
and angular apertures. 

Let us assume, as a basis of comparison, a constant photographic 
purity of spectrum Q,. From equation 26 (this JoURNAL, May 1896, p. 
338) we have 


(1) 


where ¢ is the theoretical resolving power of the spectroscope train, B 
the angular aperture of the camera, e the diameter of the silver grains 
in the plate, and ~ a constant which, in this case (where the slit-width 
is simply the angular magnitude of the star and may therefore be neg- 
lected), is about 4. We also have for the intensity of a continuous 
stellar spectrum formed by an objective spectroscope (this JOURNAL, 
June 1896, p. 58, equation 6), 


* Loc. cit., pp. 57, 58. 
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i’ = Const 4? (2) 


where A is the diameter of the objective. For a rectangular aperture 
(such as we have in the case of a grating) of height (length of ruled 
lines) B and aperture (length of ruled surface) A, (1) should be written 


=Const = - = (3) 


In order to maintain the photographic purity constant, it is necessary 
to have 


= Const. 


This may be done in either one of two ways: (1) by keeping / con- 
stant, in which case the resolving power will vary directly as A; the 
angular dispersion (and hence the closeness of ruling on the grating) 
remaining constant; (2) by keeping 7 constant, in which case the focal 
length increases and the angular dispersion decreases (the /inear dis- 
persion, therefore, remaining the same) in the same ratio as 4 is 
increased. In either case, if the spectra are linear (7. ¢., not broadened 
either by aberration or by drift), we have, under the condition of con- 
stant purity 


1 Ba 


ABT (4) 
« and ¢, being the “factors of efficiency” for the two spectroscope 
trains. 

If we maintain the focal length constant and assume that « and «, 
will be the same for gratings ruled with the same or similar diamond 
points (when / is constant the grating space remains the same for 
Q=const.), then the intensity of the spectra (linear), from two such 
gratings will vary as the ratio of the aperture times the ratio of the 
length of the ruled lines. A grating with a ruled surface of 2.5 x5 
inches (area= 12.5), and having the same focal length (40 inches) 
and factor of efficiency, ¢, as the one used by Professor Poor (ruled 
surface 1X 2 inches), would consequently give a linear star spectrum 
about fifteen and two-thirds times more intense. It ought therefore, 
under the imposed conditions of constant photographic purity, to be 
able to photograph the spectra of second magnitude stars, which are 
about one twenty-third as bright as Sirius, in about an hour and a 
half. If the length of the ruled lines were made five inches instead of 


| | 
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two and a half the intensity of the /zear spectrum would be quadrupled 
and, other circumstances remaining the same, the time of exposure 
reduced to about 25" for a second magnitude star or to one hour for 
a third magnitude star. 

Practically we cannot hope to do quite as well as this, because in 
practice all stellar spectra are broadened to a greater or less degree by 
the effect of irregularities of following and the effect of atmospheric 
disturbances. Even could these effects be avoided it would still be 
necessary to mechanically broaden the spectra slightly in order to 
avoid false lines due to imperfections in the film. If we assume that 
this broadening is in all cases the same, the resulting diminution in the 
effective photographic intensity will vary as 

BB. Bs 
fo Bao 
and therefore for two spectra of the same linear width the ratio of 
effective intensities becomes 
AB Area of Grating G 
In this case the above computed times of exposure for the 5 x 5-inch 
grating would be increased five times, or it would require about two 
hours’ exposure to obtain the spectrum of a second magnitude star 
with gratings of the maximum size now obtainable. The spectra 
obtained with large gratings might, perhaps, be made somewhat 
narrower than those obtained with small ones, in which case the 
exposure times required would lie somewhere between the two values 
given above. It appears therefore that it is well worth while taking 
up this line of work with the gratings now obtainable, although we 
cannot hope to work with stars much below the second magnitude 
until larger ones are available. 

It is of interest to compare these results with those obtained with 
the plane wire grating used in conjunction with the 12-inch photo- 
graphic objective. The surface of the wire grating is 10.5 X 10 inches 
and the area used (the corners of the grating were cut off by the 
circular form of the aperture), is about 100 square inches. The theo- 
retical resolving power of the grating (first order) is 1700 and that of 
Professor Poor's grating, about 14,400 (first order). The horizontal 


A. 
angular aperture — is almost the same in the two cases (slightly less in 


| 
| 
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the case of the wire grating). The photographic purity obtained with 
the latter is therefore 1700: 14,400, or a little more than two-seven- 
teenths that obtained with the former. If the two gratings were 
equally efficient we would have for the same photographic purity and 
the same width of spectrum the ratio of intensities 
100 17 425 
or the 10.5-inch wire grating ought ‘to photograph the spectra of stars 
of a given magnitude in about one four hundred and twenty-fifth of the 
time required with the 2-inch concave grating. If the width of the 
spectra obtained in the two cases were respectively w, and w this ratio 


would be increased or diminished in the ratio a laking the time of 


exposure required with the 2-inch grating for Sirius as 40” with a 
width w= o"™".25,' the time of exposure for the wire grating for a width 
w, —= 2™".5 (the focal length was about 18 feet, or about 5.5 times that of 
the 2-inch concave grating), would, if the two were equally efficient, be 
about 1™ for spectra of the first order and about 4” for spectra of the 
second order.* In the table already given (p. 199) we find (G G 11), 
that with an exposure of three and one-third minutes, the first order 
spectra (width= 2™".5) were “overexposed,” the second order “ dis- 
tinct but underexposed.” If the development had been carried 
farther (see remark preceding the table) the second order could have 
been brought up very nearly to full density. The plates used in the 
experiments with the wire grating were Seed “ 26”; the plates used by 
Professor Poor are the new “Gilt Edge” Seed which the makers claim 
are considerably more rapid than the “26.” 

The computed time of exposure required by the 2-inch concave 
grating for B Leonis (mag. 2.2), on the basis of the exposure time 
required for Sirius (mag. —1.4), would be 


40™ X 2.51°° = 18 + hours. 
The time required by the 10.5-inch wire grating would be [see (6) ] 


* Measured on one of Professor Poor’s original negatives kindly sent to me for 
examination. 


?In this wire grating the diameter of the wire is about equal to one-half the 
grating interval s, and the theoretical relation between the brightness of the different 


orders my, m2, etc., of the grating is therefore very nearly fulfilled, 7. ¢, #'9 ~ = 
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18 w, 
=>— — = 2.6 — minutes 
= (7) 


425 w 
= 10.4 minutes 
when w= o"™".25 as before and w, = 1™". 

In the case of y Leonis (GG 17) and B Leonis (GG 1g), both of 
magnitude 2.2, about four minutes’ exposure was required to obtain a 
first-order spectrum of full density when w,=1"". In these cases, 
then, the actual times of exposure are less than 4o per cent. of the 
equivalent computed time for the concave grating. The earlier result 
(G G 10, March 21) for B Leonis is not quite as favorable. In this case 
w,—=o"™".6 for the second-order spectrum (somewhat greater than this 
for the first order, because of overexposure). Hence 


Ww, 
and from (7) 
, = 6% minutes, for the 1st order’ (8) 


7T,—= 25 minutes, for the 2d order 


The actual time of exposure was twenty minutes, and the second order 
was not quite fully exposed (nor was the plate quite fully developed). 

Making the comparison of the computed and actual times of 
exposure in the same way in the cases of 8 Leonis (GG 20) and ¢ 
Leonis (G G 18), the magnitudes of which are 2.8 and 3.6 respectively, 


we find 

Comp. 7, | 
Actual 7,* 8.0 minutes 
Comp. 7, 22.5 minutes , 
Actual minutes 


12.6 minutes 
for 8 Leonis * 


for { Leonis 


The case of Procyon is not directly comparable with that of Sirius, as 
it has a different type of spectrum. 

In view of all these results it may fairly be inferred, I think, that, 
in spite of the absorption of the 12-inch object-glass, the efficiency 
of the 12-inch wire objective grating is something like 50 per cent. 
higher than that of the 2-inch concave objective grating.* The former 


*See footnote on p. 203. 

* First order somewhat overexposed. 

+ Second order somewhat underexposed (but plate underdeveloped). 

?It is quite possible that this advantage would wholly disappear in comparing the 
wire grating with another ruled concave grating, with which a larger proportion of the 
light is concentrated in one of the first-order spectra. Professor Poor, however, 
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instrument would therefore seem to offer the greater promise in the 
future development of this line of work, both on account of its higher 
efficiency and on account of the greater ease of construction and much 
less cost of gratings of larger aperture than those at presentin use. It 
has, however, the disadvantage of requiring a large aperture in order 
to obtain moderately high resolving powers. The finest wire that can 
be used inthe construction of large gratings must have a diameter of 
at least o'.o015,' and in order to obtain a resolving power of 15,000 
units in the first order, we would have to have an aperture of at least 
50 inches (if the interval were made twice the diameter of the wire). 
We could, however, attain practically the same photographic resolving 
power as was obtained with the 2-inch concave grating with a wire 
grating of 25 inches linear aperture used in conjunction with an 
object-glass of about 80 feet focal length (ratio of aperture to focal 
length 1:40). In any event, gratings of considerably larger aperture 
than the ru/ed gratings now obtainable would be the first requisite if we 
are to work on stars fainter than the second magnitude. 

As regards the possibilities of obtaining larger ruled gratings, it 
has already been stated’ that the writer has designed a ruling machine 
capable of ruling gratings 15 inches in diameter, the construction of 
which was begun some eight months ago in the instrument shops of 
the Observatory, and which is now well advanced toward completion. 
If this machine is successful in producing good gratings of the maxi- 
mum size for which it is designed (ruled surface 10X15 inches), we 
may hope to obtain with them spectra of fourth-magnitude stars in 
about two hours’ exposure time — about the longest exposure that we 
can afford to give in stellar spectroscopic work, unless temperature 
conditions, etc., are unusually favorable. We may, of course, do 
somewhat better than this by using a smaller photographic purity 
than that obtained by Professor Poor with the 2-inch grating (about 
informs me that the grating used by him was one having an unusually brilliant first- 
order spectrum, the succeeding orders being so faint that only in one or two cases ‘vere 
there any traces of them obtained on the plate. As shown in the table, not only the 
second, but in many cases the third order of spectra were obtained with the wire 
grating. 


* Rubens (Wied. Ann., 51, 381, 1894) constructed a small grating of gold wire 
only about o'".001 in diameter. Such wire, however, would be too weak to be used in 
the construction of large objective gratings. 

“On the Resolving Power of Telescopes and Spectroscopes for Lines of Finite 
Width,” Phil. Mag., May, and Wied. Ann., June 1897. 
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r 
14,400 aca = 7000 units), upon which the preceding comparisons 
have been based; but this does not seem desirable, if ru/ed gratings 
are to be used at all. Smaller resolving powers are best obtained by 
the use of prisms or of wire gratings, as already pointed out.’ 

In constructing concave gratings of larger size than 15 inches one of 
the most promising plans would seem to be to photograph the grating 
directly on the face of a concave silvered glass mirror, using as an 
original a grating having the requisite number of lines (7000 to 
15,000), either ruled on glass (in which case the copy would be an 
enlarged one), or made of wire in the manner of the 1ro-inch grating 
already described (in which case the original would, as already indi- 
cated, be of 25 to 50 inches aperture, and the copy therefore in gen- 
eral a reduced one). We might photograph the grating directly on 
the silver surface by sensitizing the latter with iodine and bromine 
(thus converting it into a daguerreotype plate), or we might advan- 
tageously modify and extend the experiments begun by Lord Rayleigh 
a number of years ago,’ and try photographing the grating on a thin 


* The theoretical resolving power of the compound star spectrographs now in use 
in connection with our largest telescopes (the Pulkowa, Lick, and Yerkes refractors, 
and the Paris reflector) is not greater than 12,000 units (3 dense flint prisms of about 
I-inch aperture), and the photographic resolving power is generally less than one-half 
of this. The highest resolving power yet used, so far as I am aware, in sustained 
spectroscopic and spectrographic research is that employed by Pickering in the four- 
prism objective spectroscope of the Harvard Observatory, which is about equivalent to 
a single 60° prism of light flint of 11 inches clear aperture, and which has therefore a 
theoretical resolving power of something like 30,000 units (in the visible part of the 
spectrum). (See Tables in this JOURNAL, 2, 264, Nov. 1895.) But the focal length 
of the telescope on which this prism battery is mounted is only 153 inches 


I ‘ = 
(B. = ~) and only about one-third of this resolving power is in consequence photo- 
4 


graphically utilized. In most of the work only one or two prisms are used, giving a 
practical photographic resolving power of about 2500 and 5000 units respectively 
(under first-class atmospheric conditions). In view of these facts it would seem desir- 
able in taking up this line of work with the concave grating to obtain at least the 
photographic purity indicated above (7000 units). On the other hand, it seems 
extremely doubtful whether we will ever be able to fully utilize, either visually or 
photographically, resolving powers higher than 30,000 units in stellar spectroscopic or 
spectrographic research ; except, perhaps, in occasional special studies of the spectra 
of the very brightest stars, or in examining and photographing éright Jine spectra. 


2 Proc. R. Soc., No. 136, 1872; Brit. Assoc. Report, 1872; Phil. Mag., 47, 1874. 
The objection to the use of the lens, mentioned by Lord Rayleigh in the last of the 
above papers, in photographing the grating on the sensitive surface by projection, does 
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transparent film of bichromatized gelatine spread over the silvered 
surface of the mirror. If this film could be made uniform in thickness 
and the process properly controlled, it might be possible to produce in 
this way gratings in which the central image would be nearly abolished 
and the brightness of the first-order spectra consequently increased nearly 


four times. This highly desirable result would be brought about, for 


example, if the ‘“ grooves” of the grating in the developed gelatine 
film were approximately rectangular and had a “width” equal to half 
the grating space and a “ depth” of 

4n 
n being the index of refraction of the gelatine. 

It is possible, therefore, that we may in this way be able to pro- 
duce large concave gratings by photography which will be consider - 
ably more efficient than either the ruled gratings or the plain wire 
gratings. There is, at any rate, a most promising field of experiment 
open in this direction." 

The use of gratings, both plane and concave, in place of the prism 
train has also been advocated for the compound spectroscope. I have 
myself designed and described several astronomical spectroscopes of 
this class,’ but they were intended particularly for either solar work or 


not hold in the case now being considered, because the closest ruling necessary to 
obtain the required resolving power will not on a 20-inch mirror exceed 750 lines per 
inch —only one-fourth the number considered by Rayleigh. 

‘In this connection it may be interesting to call attention to another line of 
experimentation which I have long had in mind, and which I hope will soon be taken 
up. The primary object of these experiments will be to determine whether the light 
that is brought to a focus on the photographic plate cannot be more fully utilized than 
it is at present, particularly in spectrographic and astrophotographic work, in which 
every saving of time that can be effected is of the utmost importance. One way in 
which it would seem that a considerable saving might be effected would be to spread 
the sensitive film, not on the surface of a transparent glass plate, but on the surface of 
a polished metallic mirror, which may be most cheaply and easily obtained by silver- 
ing, or platinizing (if silver for any reason should prove objectionable on trial) the 
ordinary glass plates. All the light which is now lost by passing through the film 
and glass would be reflected back through the film, probably nearly doubling the 
effective action, and thus increasing, not only the “ sensitiveness”’ of the film, but also 
the “contrast” in the resulting negative. This plan would also effectually prevent 
all *halation.” 

? See particularly ‘‘ Some New Forms of Combined Grating and Prismatic Spec- 
troscopes of the Fixed Arm Type,” this JOURNAL, 1, 232, March 1895; and “Fixed 
Arm Concave Grating Spectroscopes,” zéid., 2, 370, December 1895. 


| 


208 MINOR CONTRIBUTIONS AND NOTES 


for the study of bright line (nebular) spectra. But I can see no good 
reason why they should be preferred to the prism train in stellar 
spectroscopic work, with the compound spectroscope or spectrograph, 
for the chief arguments for their use in the case of the objective spec- 
troscope (7. ¢., the avoidance of loss of light by absorption in the 
large object-glass, and the possibility of making absolute wave-length 
measurements with them without the aid of a comparison spectrum) 
no longer hold in this class of work. It seems to me that in this case 
the prism train is much to be preferred, partly on the score of greater 
stability, but much more because it concentrates all the light in one 
spectrum. We lose a great deal of light by the absorption and diffu- 
sion of the large object-glass ;* we lose still more at the jaws of the 
slit by reason of the constant shifting and blurring of the image by 
atmospheric disturbances, and there is not so much left, even when 
the largest telescope and the brightest stars are at our disposal, that 
we can afford (as we can in the case of the Sun) to waste it recklessly 


in the multiplication of useless and extraneous spectra. 
F. L. O. WapsworTu. 


YERKES OBSERVATORY, 
January 1898. 


VARIABLE STAR CLUSTERS.’ 

SINCE the announcement made in Circu/ar Nos. 2 and 18, of vari- 
ables discovered in clusters, a further examination of the clusters wo 
Centauri, Messier 3, Messier 5, and 4. G. C. 7078 has been made by 
Professor Bailey. As a result, the numbers of known variables in 
these clusters have been increased by:62, 19, 22, and 24 respectively, 
making the total numbers 122, 132, 85, and 51, or 390 in all four 
clusters. Adding to these the 47 already announced in other clusters, 
makes the total number 437. 

NEW VARIABLE STARS. 

When a new variable star is discovered at this Observatory it is the 
custom to collect all the photographs of the region containing it and 
to derive its photographic magnitude from each of them as described 
in the 7. C. O. Annals, 26, 250. We can thus determine its bright- 


*Much more, probably, than we subsequently lose in the prism train if the mate- 
rial and refracting angle (see this JOURNAL, 2, 264, November 1895) of the elements 
of the latter be properly chosen. 

' Harvard College Observatory Circular No. 24. 
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ness on from twenty to a hundred or more nights distributed over the 
last ten years. The approximate dates of maxima, the corresponding 
magnitudes, the period and the form of light curve are also deter- 
mined so far as possible. Examples of such results have already been 
published, but every year, owing to the increasing amount of material, 
the work becomes more laborious although at the same time more 
complete and exact. Many of these stars vary irregularly so that their 
elements cannot be determined precisely. When the object is not a 
catalogue star its position, and that of each of the fainter comparison 
stars must also be determined from measures of their rectangular 
coérdinates. An attempt is then made to photograph each of these 
variables once a month, and, if possible, to obtain corresponding 
observations of their visual magnitudes. As the total number of 
variable stars discovered here is now more than a hundred, not includ- 
ing those found in clusters, the labor involved in this work is very 
great. Accordingly, it is difficult to deduce all the required data for 
one star before another is found. ‘The accompanying table gives the 
material that has been so far collected for the variables recently dis- 


covered here from the Draper Memorial photographs. 


| 


| No Mag. 
Constellation Designation | R.A, 1900} Dec, 1900 | Type | plates Discoverer 
m 

Eridanus .....| —16° 771] 3 59.8| —16° o'| III 35 | 8.3 9.4 | M. Fleming 
Eridanus ..... | —25° 1766] 4 7.3} —25 24 | III 65 | 8.1 |<12. M. Fleming 
Monoceros....| — 8° 1641| 6 §2.5| —8 56 | III 43 | 8.1 10.3 | M. Fleming 
Puppis.......| —38° 4049} 8 1.7 —38 29/I1V | L. D. Wells 
0+ —22° 2160; 8 3.1] —22 38) IV L. D. Wells 
| — §° 2550| 8 24.7|/— 59 | III | M. Fleming 
a ers 10 40.9; —58 54] ... | 149 | 9.6 10.7 | L. D. Wells 
13 15.1| —61 3) Ill M. Fleming 
A.G.C.19014| 13 55.6| —76 19 | III 
Boobtes.......| +14° 2700} 14 1.7] +13 59] III?) .. |]... | L. D. Wells 
Libra ........] —17° 4122/14 30.3] —17 36] II 38 | 8.3 9.6 | E. F. Leland 
Triang. Aust. .| 4.G.C.20554| 15 4.8| —69 42] IV 85 | 9.1 9.8 

Serpens ......| +10° 2956/16 2.5| +10 12 | III 41 | 9.0 |<11.9 | M. Fleming 
A.G.C.23005| 16 54.3| —54 | .. |]... L. D. Wells 
A.G.C. 23935| 17 34-7| —57 40/1V | ..]... L. D. Wells 
17 41.1) —62 23] III | 65 | 9.1 |<12.8 | M. Fleming 
| +32° 3522] 19 37.1] +32 23] IV | L. D. Wells 
Pavo......... | A.G.C.27560| 20 3.3| —60 14 | III | eee] | M. Fleming 
Capricornus . .| A.G.C.27776| 20 11.3] —21 38] IV 55 | 8.6] 10.3 
Microscopium. —40° 13888] 20 22.6| —40 45 | III 70 | 8.5 |<12.5 | M. Fleming 
Capricornus ..) —17° 6181] 21 1.7} —16 49 | III 79 | 8.1 9.3 | M. Fleming 
Aquarius ..... —14° §960] 21 7.3} —14 48 | III 78 | 8.4 9.3 | M. Fleming 
Indus........| 4.G.C. 29232] 21 13.6; —45 27 | IV oo | 
Andromeda...| +47° 4318] 23 50.3) +48 5) III 48 | 9.3 9.8 | M. Fleming 
23 58.2} +55 III | | 9.8 |< 13.4 | M. Fleming 
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A. 3” 59”.8. Bright hydrogen lines suspected. 

A. 4* 7.3. Hydrogen lines bright. 

A. 6% 52.5. Hydrogen lines bright. 

A. 8* 1.7. Found to be fourth type by Mrs. Fleming. 

A. 8* 24”.7. Bright hydrogen lines suspected. 

. A. 10” 40".9. This star is No. 119 on page 627 of the Argen- 
tine General Catalogue. 

R. A. 12% 2”.1. Bright hydrogen lines suspected. 

R. A. 134 15”.1. Hydrogen lines bright. The position of this 
star for 1875 is R.A.=13* 13” 31°, Dec.——60° 55’. 

R. A. 13% 55”.6. Bright hydrogen lines suspected. In the Urano- 
metria Argentina, page 243, this star, which is 6 Apodis, is stated to be 
variable. Discovered independently by Mrs. Fleming by means of its 
spectrum. The photographs show a variation of about one magnitude. 

R. A. 15* 4”.8. In Argentine General Catalogue “var.?’’ Discov- 
ered independently from photographic charts by Miss L. D. Wells. 

R. A. Hydrogen lines bright. 

R. A. 17” 41".1.. Hydrogen lines bright. The position of this 


PRR 


star for 1875 is R.A.—17* 38” 45°, Dec. —=—62° 21’.6. 
R. A. 17" 45".7.. Hydrogen lines bright. The position of this 
star for 1875 is R.A.=17* 43” 42°, Dec. —=— 51° 39’.2. 


R. A. 20% 3”.3. Bright hydrogen lines suspected. 

R. A. 20% 11.3. Suspected of variability by Secchi and others. 
Found independently from the photographs by Miss L. D. Wells. 

R. A. 20% 22”.6._ Hydrogen lines bright. Maxima represented by 
formula, 2410860 + 325 

R. A. 23* 50”.3. Bright hydrogen lines suspected. 

R. A. 23” 58”.2. Hydrogen lines bright. The position of this 
star for 1855 is R.A.= 23" 55” 53°, Dec.—= + 54° 52’.3. 

In Gircular No. to the variability of — 27° 15202 (erroneously 
printed 15203) suspected by Thome was confirmed by Miss E. F. 
Leland. Measures of 35 photographs give the maximum brightness 
8.9, minimum < 12.3. 

In Circular No. 17 the variability of a star in R.A. = 0% 25.6, Dec. 
—=— 46° 58’ (1900) is announced. Measures of 26 photographs give 
the maximum brightness 9.0, minimum < 12.2. 

In Circular No. 17 the variability of a star in R.A. = 13% 31”.1, Dee. 
=—55° 58’ (1900) is announced. Measures of 42 photographs give 
the maximum brightness 9.0, minimum < 12.6. 
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In Circular No. 17 the variability of a star in R.A. = 20* 8.5, Dec. 
= — 44° 43’ (1900) is announced. Measures of 114 plates give the 
maximum brightness 9.0, minimum < 11.4. 

In Gircular No. 19 the variability of a star in R.A. =5* 18.9, Dec. 
=—69° 21’ (1900) is announced. Measures of 51 photographs give 
the maximum brightness 8.2, minimum 9.4. 


EDWARD C. PICKERING. 
January 31, 1898. 


POLARIZING PHOTOMETERS.' 


NEARLY all of the photometric measurements obtained at the Har- 
vard College Observatory during the last twenty years have been made 
with modifications of three forms of photometers which are identical 
in principal. The first of these is described in the Anna/s, Vol. XI, 
Part I, and was used for the observations contained in that publica- 
tion. The second, the meridian photometer, furnished the observa- 
tions contained in the Anna/s, Vols. XIV, XXIII, XXIV,and XXXIV. 
The third photometer is described in the ASTROPHYSICAL JOURNAL, 2, 
89. In all of these instruments the star to be measured is compared 
directly with another star by means of a double image prism and 
Nicol. In the first instrument, the images of two adjacent stars are 
brought together by a double image prism ; in the second, images of 
two stars, however distant, are brought together by reflecting them by 
prisms or mirrors into two object-glasses ; in the third photometer, 
images formed by a large telescope, of two stars not more than half a 
degree apart, are brought together by achromatic prisms. 

An objection to the first form of photometer is that the emergent 
pencils of the images compared do not coincide. Small errors may 
therefore be introduced by irregularities in thecornea of the eye of the 
observer, or if he holds his eye in such a position that a portion of 
one image will be cut off by the edge of the pupil. This difficulty has 
recently been remedied by placing a second double image prism in 
the focal plane of the telescope, so that it does not affect the position 
of the two images but makes the emergent pencils coincide. A sur- 
prising degree of accuracy may then be obtained in the measures. 
Comparisons of the star o Ceti with the adjacent star — 3°355, which 
follows it about 10°, have been made by Mr. O. C. Wendell with the 


* Harvard College Observatory Circular No. 25. 
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15-inch equatorial of this observatory, on 191 nights during the last 
five years. Until recently, the observations were made with the first 
form of photometer, the emergent pencils overlapping by about 
two-fifths of their diameter. Generally thirty-two settings were made 
each night, and the mean of the differences of each pair of sets 
of four settings each on the first fourteen nights of observation made 
during the present opposition was +-0.074 magnitudes. On the last 
five nights the pencils were made to coincide, as just described, and 
the corresponding average differences were 0.020, 0.002, 0.025, 0.022 
and 0.032, mean +0.020. On the second of these nights, January 19, 
1898, the eight measures of the difference in light of the two stars, 
each derived from four settings, were 4.48, 4.48, 4.48, 4.48, 4.48, 4.48, 
4.48 and 4.47. Owing to variations in the transparency of the air in 
different parts of the sky, this degree of accordance can only be 
expected when stars near together are compared. 

The accuracy of the results attainable with the third form of pho- 
tometer is shown in the ASTROPHYSICAL JOURNAL, 3, 281, and in the 
observations of U Pegasi described in Circu/ar No. 23. Mr. Chandler 
(Ast. Jour., 18, 140), while admitting the principal conclusions given 
in that Circudar, denies the reality of the small difference 0.15 between 
the primary and secondary minima. This quantity is so small that it 
doubtless could only be surely determined by the most accurate photo- 
metric measurements. The individual results derived from Mr. Wen- 
dell’s observations are therefore given below. Twelve observations, 
each consisting of sixteen settings, were made when the star was within 
twenty minutes of its primary minimum. Deriving from each of 
these, by means of the light cure, the magnitude of this minimum we 
obtain on October 18, 1897, 9.89, 9.94 and 9.96; on December 30, 
9-90, 9.95, and 9.93; on January 1, 1898, 9.93, 9.86, and 9.85 ; on 
January 5, 9.85, and on January 7, 9.86 and 9.88. Mean of all, 9.90, 
greatest value, 9.96, least value, 9.85, average deviation +0.035. Simi- 
larly fourteen observations were taken within twenty minutes of the sec- 
ondary minimum with the results on October 18, 1897, 9.75 and 9.71; 
on October 29, 9.74, 9-69, 9.70 and 9.70; on December 28, 9.78, 9.77, 
9.76 and g.80 ; on January 3, 1898, 9.77, 9.77, 9-74 and 9.78. Mean 
of all, 9.75, greatest value, 9.80, least value, 9.69, average deviation, 
+0.029. It will be noticed that the largest value of the secondary 
minimum is 0.05 less than the smallest value of the primary minimum. 
If we assume that the primary and secondary minima are really equal, 
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all of the first of these values give positive residuals with the mean 
value + 0.064, and all of the second (with one exception, + 0.01) give 
negative values with the mean value —o.70. The probability that the 
two minima are really equal and that these deviations are due to acci- 
dental error is extremely small. It is the same as that a person should 
draw a red card from a pack of cards twelve times in succession, and 
then should draw a black card thirteen times out of fourteen. On the 
other hand, if these deviations are due to a sytematic error, it is very 
singular that this error always has one value at the time of a principal 
minimum, and another at the time of a secondary minimum. 


EDWARD C. PICKERING. 
February 8, 1898. 


ON THE DEPTH OF THE REVERSING LAYER. 


THE theory of the solar rotation, combined with the rotation laws 
empirically found for the Sun-spots, the facule and the reversing 
layer, gives a means of finding the differences in the level of these 
different regions of the solar atmosphere. The discussion which I 
have undertaken in my thesis shows these differences to be consid- 
erable, amounting to over one-tenth of the solar radius." This is dis- 
tinctly in contradiction to the views commonly adopted, according to 
which the differences in level can only be small. This latter opinion 
is founded upon direct observation, which seems to demonstrate that 
Sun-spots, photosphere and facule cannot differ very much in level, 
and that the reversing layer must be exceedingly shallow. How are 
these two diametrically opposite views to be reconciled? I may add 
that it is not only the theory of rotation which demands a deep revers- 
ing layer and great differences in level. The results of Jewell, Hum- 
phreys and Mohler are more easily explained in this way, and there is 
no fact which is contradictory to the hypothesis of a deep reversing 
layer except, apparently, the results of direct observation. But this 
difficulty is easily solved if we take account of refraction in the solar 
atmosphere. The discrepancy then entirely'disappears. 

While the solar atmosphere is probably inconceivably rare near the 
top of the faculz, it is unreasonable to assume this to be also the 
case in those regions where heavy metallic vapors are certainly present 
according to the testimony of the Fraunhofer lines in the solar spec- 


* Hydrodynamische Untersuchungen mit Anwendungen auf die Theorie der 


Sonnenrotation, Berlin, 1897, p. 31. 
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trum. There can be no reasonable doubt that, during its path 
among these vapors, a ray of light must suffer a sensible amount of 
refraction. If this is so, we shall find that the distance between two 
different levels of the solar atmosphere must appear very much short- 
ened. 

If wis the index of refraction at the distance x from the center, 
then the observer at a great distance will see the distance r magnified 
in the ratio of w to 1." Now let 7,, w, be the values of ~ and pw for the 
region immediately adjoining the photosphere and +¢,, w, for the region 
near the top of the facula. Then the distance r,—~+, will appear to be 


a= pr, — - (1) 
According to the theory of rotation 7,— 1.1 7, about, so that 
@=(1.1 — Px) (2) 


and this may become very small, or even zero and negative, the actual 


value assumed by this expression depending upon the ratio =, 


Probably near the top of the faculz we have sensibly p,=1, so that to 
#,==1.09 would correspond @=o.o17, instead of 0.17,. Such a value of 
#,, and even a larger one, does not seem improbable, considering the 
nature of the vapors. If our numbers for 7, and 7, are accepted, and 
d, the apparent distance, be actually measured, these simple equations 
offer a means of investigating the refractive power of the Sun’s atmos- 
phere. There is no good reason for neglecting it, as is usually done. 
E. J. WILCZYNSKI. 
CHICAGO, Oct. 8, 1897. 


ERRATA. 

THE following corrections should be made in Professor Very’s 
articles in the December 1897 and January 1898 numbers of this 
JOURNAL : 

Vol. VI, p. 402, for ‘7’ == same corrected for distortion” read “R’, 


corrected for distortion.” 
P. 404, equations (5) and (6) should have #’ in the denominator 


instead of X. 
P. 405, 5 (four times at top of page and twice in first footnote) 


should have been primed in every case to signify that the image must 
be undistorted. 
Vol. VII, p. 63, last line of the computation, for “Z—/'= 59° 2’.4” 


read “/—/'=—59° 2’.4.” 
* WILCZYNSKI, “ Schmidt's Theory of the Sun,” this JoURNAL, 1, I19. 


REVIEWS. 


Ueber Gesetsmdssigheiten in den Spectren fester Korper (Second Part); 
F. PaAsCHEN. Wied. Ann., 60, 662, 1897. 

A PRELIMINARY notice of this work was published by Paschen in this 
JOURNAL in 1895, and the results of the work with iron oxide ( Wied. 
Ann., 58, 455) were reviewed here last year by Professor Crew ; some 
repetition of the material of that review can hardly be avoided if one 
is to consider carefully the work as a whole. From the beginning 
Paschen has had in mind the determination of the law of radiation of 
an absolutely black body, by more or less exterpolation of any laws 
which might be found to hold for other bodies of gradually increasing 
‘‘blackness.”” Aside from this, however, he has found some surpris- 
ingly simple relations which hold with considerable exactness for the 
substances actually examined, and these also will be briefly con- 
sidered. 

He has studied the radiation from bright platinum, iron oxide, 
copper oxide, lampblack, and graphite both in air and enclosed in an 
exhausted glass bulb; the substances being either in the form of 
strips, or of coatings on platinum strips, and electrically heated. 

The temperatures were determined by means of thermo-couples. 
His arrangement of fluorite prism and concave silvered mirrors for 
producing the spectrum was the same as previously used and described 
by him,‘ and his bolometer-galvanometer combination was of extreme 
sensitiveness. 

He observed in two ways — first measuring the energy as a function 
of the wave-length, the temperature remaining constant, giving him 
the ordinary “energy curve”; second, the energy as a function of 
temperature, at a given constant wave-length, the so-called isochro- 
matic curve. Besides reducing his observations to the normal spectrum 
by using his own dispersion curve for fluorite, he applied the following 
corrections to each observation of the energy: (1) each observation 


was divided by oe (obtained from the same dispersion curve) to 


reduce to the condition of a constant wave-length interval falling on 


*Wied. Ann., 50, 409. 
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the bolometer ; (2) correction for loss of energy by reflection in the 
prism and at the concave mirrors; (3) correction for the radiation of 
the shutter (¢— 15° to 20° C.), to reduce to the condition of a shutter 
at absolute zero—v/.¢., to obtain the entire absolute radiation of 
the substance under examination ; (4) a correction depending on the 
width of slit and width of bolometer strip, to reduce to the condi- 
tion of an infinitesimal slit (pure spectrum) and infinitesimal bolo- 
meter strip. 

Since this correction isa very important one, and is here used for 
the first time, it will be well to consider the method of deriving it. 
Let f(x) denote the energy at any point in a pure spectrum (7. ¢., one 
formed from an infinitesimal slit), « the corresponding wave-length or 
minimum deviation, as the case may be ; then the energy falling on a 
bolometer strip of width @ whose center is at x will be 


a 


T(x) dx 


2 
But if the slit be so widened that its monochromatic image has a 
width a (the condition of Paschen’s experiments), the strip will be 
just covered by an image of intensity f(x), and will also receive 
energy from neighboring images whose centers are at x-+ v, x—v, 
etc., up to the images whose centers are at x+ a, x—-a; so that the 
total energy failing on the strip will be 
a 


F (x)= fix bdo 


v=0 
It remains to express f (x) in terms of # (x) and a so that it can be 
obtained from the observed /(x); this has been done by Professor C. 
Runge, who has developed / (x) in the form of a series. If F (x) is 
known in the form of a curve, as in the present case, the form of the 
series which is most convenient is 


af (x)= F (x)—= F, (x)— - - - 
F(x+a)+ F(x a) 


where F, = F (x) 


2 
F, (x+a)+ (x—a) 
2 


F, (x) = F, (x) 
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F,, (x) is obtained very simply from the curve of F (x), as is made 
evident by drawing the chord connecting the points ¥ (x + a) and F 
(x —a) of the curve; /, (x) is obtained in the same way from the 
curve expressing /, (x) asa function of x. The actual corrections 
were obtained from the curve of observed energy, / (8), plotted 
against observed minimum deviation (8); the first correcting term 
was usually all that it was necessary to use. As an example of the 
amount of this correction it is mentioned that in the case of one iron 
oxide curve at 1100° C., ordinates near the maximum are increased by 
from 1 to 2 per cent. of their value, while farther down on the short 
wave-length side, where the curvature is greatest, they are decreased 
by from 5 to 10 per cent. 

In plotting and discussing his results Paschen prefers logarithmic 
expressions ; that is, if A is any wave-length and / the correspond- 
ing energy, he replaces A by log A, and / by log /; or he plots log 


< against log 7’ where A,, is the wave-length having the 


maximum energy /m; this has the disadvantage, as he remarks, of 
exaggerating the errors at the ends of the curves and reducing them 
at the center. The equation which Paschen finally adopts as most 
nearly representing all his energy curves is 
oa? (1) 
where /= energy corresponding to any wave-length A, 
7 = absolute temperature, 
@ are constants. 
If /,, be the maximum energy, and A,, the corresponding wave- 
length, it follows from the above equation that 


me 
where ¢ = (2) 
Jame’ T* 
where c’ = (3) 
=a } log log «—log (4) 


7 (log A, — log A,) A, A, 


Xm = (A, —A,) log « 


(5) 


where A,, A, are any two wave-lengths on opposite sides of the 
maximum corresponding to equal energies of radiation, 
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log 11 — 12 
where y, = log ¢, —a logaA 
y, = 2 

Equation (1) is of particular interest because it is of exactly the 
same form as that deduced by Wien‘ from purely theoretical consid- 
erations for the case of an absolutely black body, except that in Wien’s 
casea== 5. The relation (2) was given by Paschen three years ago 
in this JoURNAL, and criticised by Very; whether this be a universal 
relation or not, it is true within 4 per cent. or 5 per cent. for all the 
substances Paschen examined, except bright platinum, for an extreme 
temperature range of about 900° C.— from 100° to 1000°. For bright 
platinum the relation is more nearly A,,7°°* =. Equation (3) gives 
a means of determining a, as does also equation (4), and the two 
values do not as a rule agree very well. Equation (4) expresses the 
property of congruency, which can also be shown by plotting log A 
against log /, and then shifting the curves parallel to the codrdinate 
axes till the maxima coincide, when they are found to quite closely 
overlie each other. Assuming this property of congruency to be 
strictly true, it furnishes a convenient means of filling out absorption 
bands and incomplete curves ; and it is by the use of this and equation 
(2) that Paschen attempts to determine the energy spectrum of his 
shutter at a temperature of about 19° C., with which he reduces his 
observations to the condition of having a shutter at absolute zero. 
This has been criticised by Dr. H. F. Reid, who points out that since 
all observations of radiant energy are observations of differences— 
between the radiation of the given source and of the shutter used to 
exclude this radiation, the curves for which the property of congruence 
has been deduced are difference curves, and the assumed zero line is 
really the absolute radiation curve of the shutter. If this shutter 
radiation curve is very near the true zero line (¢. ¢., if the correction 
for the shutter is everywhere small) then we will be justified in assum- 
ing as a first approximation that the observed energy curves are the 
true absolute radiation curves, in exterpolating any relations which we 
may find to hold for high temperatures, down to the temperature of 
the shutter, and in applying the curve obtained by exterpolation as a 


1 Wied. Ann., 58, 662. 
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correction to the observed curves. In doing this, then, we virtually 
assume at once that the radiation of the shutter is very small in com- 
parison with that of the source; it seems possible, therefore, that even 
Paschen’s corrected curves may fall considerably short of representing 
the true entire radiation of his source, at least for the lower tempera- 
tures. Equation (5) is used by Paschen to obtain the value of the 
wave-length of maximum energy ; it having been found to give results 
agreeing with each other to within about 1 per cent. for pairs of wave- 
lengths (A,, A,) as much as 4“ apart. Equation (6) expresses the 
(straight line) variation of / with 7, A being fixed (isochromatic); this 
straight line relation is badly fulfilled, perhaps because the correction 
for width of slit and bolometer strip was not applied to these observa- 
tions. These isochromatics, however, plotted in another way, satisfy 
fairly well a condition of congruency somewhat similar to that of the 
energy curves. 

As to the constants in the above formulz, ¢ is largest for one of 
the graphite strips in a glass bulb, and least for bright platinum; a 
can be obtained either from the form of the energy curves or from 
equation (3), and these two values always differ, sometimes by a 
considerable amount. For Pt, FeO, CuO, and lampblack, a= 5.58 
about, and for carbon in bulb, about 5.09, determined by the form of 
energy curves; determined by equation (3) the values are quite irreg- 
ular. Paschen attempts to arrange these substances in the order of their 
‘“‘ blackness,” which would probably be the same as the order in which 
they arrange themselves with respect to the total energy radiated, since 
an absolutely black body radiates more (or as much) energy of every 
wave-length as any other body. ‘The total energy he obtains by inte- 
grating the above expression for /; from this comparison it would 
follow that for low temperatures one of the graphites in a bulb is the 
‘“blackest,” while for high temperatures (g00° to 1100° C.) iron oxide 
is the blackest. He concludes that the energy curve of an absolutely 
black body will be found to satisfy equation (1) witha < 5.24, ¢ at 
least 2600, c, about 14,000; and there is at least no experimental 
objection to the view thata may become 5, as required by Wien’s 
formula. 

From the behavior of graphite in a bulb, Paschen is led to inves- 
tigate analytically the radiation which would be found inside an 
inclosure having reflecting walls and containing a radiating body at a 
uniform temperature, which reflects diffusely. He finds that the result- 
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ing radiation would be the nearer to that of an absolutely black body 
the better the reflecting power of the walls; so that for such a good 
reflector as silver, the departure of this radiation from that of an abso- 
lutely black body would be, at o*.6, only 0.17 per cent., and less for 
longer wave-lengths which are more perfectly reflected; and that 
under these conditions the position of the radiating body with respect 
to the walls of the inclosure becomes of secondary importance. Fol- 
lowing up this idea, he intends to investigate the radiation from a 
blackened platinum strip inclosed in an internally silvered glass bulb. 
Asa method for realizing the radiation of an absolutely black body, 
this seems to offer great advantages in the way of simplicity and ease 
of manipulation, and the results of his study will be looked for with 


great interest. 
C. E. MENDENHALL. 
JoHNs HopKINS UNIVERSITY, 
February 14, 1898. 
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A.T. Thompson & Co’s Improved Elec- ( 

( tric and Lime Light Stereopticons. ) 

‘} Hand Cameras and Outfits of all kinds. ( 

(: Tripod Cameras, Lenses, Shutters, New ) 

) American Films, Dry Plates, 

() Developers, Chemicals, Flash-light ( 


Apparatus, American Aristotype 
( and American Gelatine Papers, and ) 
) everything requisite for either ( 
( Amateur or Professional. ( 


( Books of Instruction ( 


for the beginner or advanced worker, 


) Send for Booklets or Catalogue. ( 
) 


E, &H. T. ANTHONY & CO. 


591 Broadway, New York 
45, 47, 49 E. Randolph 8t., Chicago 


The College of Physiclansand Surgeons of Chicago 


The School of Medicine of the University of lilinois. 
(OPPOSITE COOK COUNTY HOSPITAL) 


Four years’ graded course. First two years largely labora- 
tory work, last two years largely clinical work. 4° + 
and clinical facilities unsurpassed. Persons interested in 
medical education are invited to investigate this college. For 


information apply to Dr, Wm. Allen Pusey, Secretary, 


108 State Street, Chicago, Ills, 
MEDICAL 
DENTS 


are best prepared for successful careers by a course com- 
bining actual practice with laboratory and clinical work. 
This and other advanced ideas are features of 

HARVEY MEDICAL COLLEGE, CHICAGO. 
Any interested in the study of medicine can obtain further 
information from 


FRANCES DICKINSON, M. D., 167-171 Clark Street, Chicago. 


ILLINOIS 
during 
the 


ical College, holding sessions 
Summer. 


from March to September. 
Four years’ graded course. 
Twenty Professors. Excellent 
clinics, Well-equipped Labor- 
atories. Aantal dissecting 
material. Living costs one- 
third less than in Winter. No 
other great city has a climate 
allowing study all Summer. 
Recognized 
by the Illinois State Board of 
ealth. Apply to 
WF. Waugh, A.M.,M.D.,Dean 
or H. H. Brown, M. D., Sec’y, 
103 State St., Chicago. 


Chicago 
Law School 


Preparatery Course. Under- 
uate Course of three years leads 


Instruction by mail, adapted to @@ 
educators. Exper and 
competent instructors. 
preparatory, business, college. / 
An opportunity to better your 
dents and graduates everywhere. 
of sucerss, Full particu- 
of thee. Post Tel. Detroit, 
SIMEON W. KING 
United States Commissioner 
Commissioner for U. 8 Court 
of Claims at Washington, v.C.; 
at Chicago, Ill., and Notary 
lie. Acknowledgments, Affida- 
dress all correspondence to or 
call at Monadnock Block, 


every one. Methods approved by 

sparetime only. Three amu 

condition and prospects. Stu- cy 

lars f Sprague Correspondence 

Attorney at Law, 

For ALi the States and Territories, 
Government Agent 
vits and Depositions taken. Ad- 
Chicago, I 
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BEAUTIFUL 


ETCHINGS 


ILLUSTRATING 
AMERICAN SCENERY ano 
AMERICAN ACHIEVEMENT*' 


Containing miniature 
reproductions will be 
Sent free post paid on 
receipt of one 2ct. stamp, 
by George H.Daniels, 

Passr. Agt. Grand 

Central Station. Newdork. 


To Washington 


Through TA. Fl, 


Sleepers 
The Comfortable and Picturesque Route 


Rontéen 


LOUISVILLE 
att SOUTH 


A FIRST CLass wine 
FOR FIRST CLASS TRAVEL 


| MICHIGAN 


NIAGARA FALLS 


Chicago New York Boston 
THE ROUTE OF 
THE NORTH SHORE LIMITED 


Leaves Chicago 2:00 p.m. daily. New York in 24 hours. 
Boston in 26 hours 20 minutes. 


City Ticket Office, 119 Adams Street, Chicago. 
W. RUGGLES, 
Gen, Passenger and Ticket Agent, 


mre Grand Trunk 


NK 
SYSTEM, 


THE FAVORITE ROUTE TO 


All Canadian # Eastern Points 


Via THE CLAIR TUNNEL.’’ 


THROUGH SOLID VESTIBULED TRAIN SERVICE, 


First- and Second-Class Coaches and Pullman 
Palace Sleeping Cars in connection with 


THE LEHIGH VALLEY RAILROAD SYSTEM, 


DAILY BETWEEN 


CHICAGO and NEW YORK and 
PHILADELPHIA, 


Via Niagara Falls and Buffalo. 


Through Pullman Sleeping Car Service daily between 
Chicago, Detroit, Mt. Clemens, Saginaw Valley, Ni- 
agara Falls, Buffalo, Boston, Canadian and New 
England points via Montreal. 


The Favorite Route for Summer Tourists, who 
should send their address to L. R. MoRROw. Pass’r and 
Ticket agent, Chicago, lll., and ask for particulars re- 
garding Summer Tours, Chicago to Niagara Falls, the 
Thousand Islands, the Adirondacks, the White Moun- 
tains, and the Summer Resorts of the Coast of Maine, 
which will be sent to all applicants free of charge. 
of Summer Tourist Tickets Commences June I. 


For rates, Sleeping Car reservations, folders, etc.. 


apply to 
L. R. MORROW, Pass’n Acr., 


103 CLARK ST., CHICAGO, ILL 
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lobe (904 
Man's Time 


money; it has a market 
value. Anything that will econo- 
mize that time is eagerly sought after. v i 


The Globe Gard Index File 


is a labor-lessener—a ready reference of information regard- 
ing any detail of your business. 


Alphabetical arrangement of an necessary 
an your elbow—that’s 
just what the Globe Card Index secures, 
- « « Illustrated catalogue “ee 


The Globe Gompany, Gincinnati. 
Gor. Fulton and Pearl Sts., New York. 
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| ~~ CLEVELAND BICYCLES. 
ai Standard for Quality, and 
More Popular than Ever. 
A SPLENDID RECORD! 
| We Introduced the.... 
IROVND FIRST safety bicycle of standard 


THE FIRST of light weight and 
| = | narrow tread. 


| : 9 
y 


FIRST wel). built 


OUR’98 FEATURE :—-Improved Bur. 
well with self-oiling de- 
vice. On Clevelands only. 


98 MODELS, $50, $65, $75... 


H. A. LOZIER & CO., Mfrs., 
Catalogue “ J" free. Clevelacd, Ohio. 
NEW YORK, BOSTON, PHILADELPHIA, SAN 
FRANCISCO, LONOON, PARIS, HAMBURG. 
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STERLING CYCLE WORKS 4} 
CHICAGO, ILL. 
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Astronomical Photographs 
4 


On account of the frequent requests received at the Yerkes 
Observatory for lantern slides and prints from astronomical pho- 
tographs, it has been thought advisable to make provision for 
supplying the very considerable demand. Mr. G. Willis Ritchey, 
Optician of the Observatory, who has had wide experience in 
making and copying astronomical negatives, has undertaken to 
furnish such photographs at moderate expense. He is prepared 
to supply lantern slides, transparencies, and paper prints from 


any of the negatives in the collection of the Yerkes Observatory. 


Among the subjects available at the present time may be 
mentioned: Professor Hale’s photographs of prominences, facule 
and other solar phenomena, and of stellar spectra; Professor 
Barnard's portrait-lens photographs of the Milky Way, nebule, 
comets, and meteors; Professor Burnham's photographs of the 
Moon, Winter and Summer views of Mt. Hamilton and the 
Lick Observatory; Mr. Ellerman’s photographs of the buildings 
and instruments of the Yerkes Observatory; and Mr. Ritchey’s 
Kenwood Observatory photographs of the Moon. 


A more complete list of subjects may be had on application 


to G. Ritcuey, Yerkes Observatory, Williams Bay, 


Wisconsin, to whom all orders should be addressed. 
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THE SUMMER QUARTER OF 
THE UNIVERSITY OF CHICAGO 


WILL BEGIN JULY 1, 1898 


HIS Quarter is an integral part of the scholastic year, and is divided 

into two terms of six weeks each. Over 200 courses of study will be 

given by more than roo professors and instructors. In the Summer of 1897 
there were present 1285 students, who undertook work as follows: 

In Philosophy 118, Pedagogy 276, Political Economy 84, Political 
Science 132, History 269, Sociology 245, Comparative Religions 4, Sem- 
itic 149, Biblical Greek 126, New Testament Literature and History 61, 
Sanskrit and Comparative Philology 8, Greek 127, Latin 135, Romance 156, 
Germanic Languages 210, English 684, Mathematics 202, Astronomy 13, 
Physics 137, Chemistry 105, Geology 68, Zodlogy 51, Neurology 7, Anatomy 
and Histology 48, Physiology 43, Botany 95, Public Speaking 67, System- 
atic Theology 62, Church History 69, Homiletics 74, Physical Culture 170, 
and in the Disciples’ Divinity School 13. 

The first term of the Summer Quarter ends August 11. Great advan- 
tages are offered to teachers who can spend six weeks in study at the 
University ; they may still have from two to four weeks of vacation before 
the opening of schools. Where a teacher can secure a year’s leave of 
absence, credit for five Quarters (or 134 years’ work) in the University may 
be obtained by attendance at the University from July 1, 1898, to Septem- 
ber 22, 1899. A number of students have already secured Master’s degrees 
by Summer study. Many are working toward degrees who are present at 
the University during Summer Quarters only. 

All the libraries, laboratories, and museums will be open. A large 
number of special lectures, both single and in courses, will be provided. 
The expenses for the Quarter of twelve weeks, including tuition, may be 
made less than $100, and for a term of six weeks one-half of this sum. The 
complete announcements will be ready in March. 


For circulars and other information address 


THE EXAMINER, 
THE UNIVERSITY OF CHICAGO, 
CHICAGO, ILL. 
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THE 


PHYSICAL REVIEW 


A JOURNAL OF EXPERIMENTAL AND THEORETICAL 
PHYSICS 


CONDUCTED BY 
EDWARD L. NICHOLS 
ERNEST MERRITT, AND FREDERICK BEDELL 


BEGINNING with Volume V. (July-December, 1897), two volumes 
of THE PuysicaL Review will be published annually, these volumes 
beginning in July and January, respectively, and containing at least 
five numbers each. The price of subscription is two dollars and fifty 
cents a volume (five dollars a year), or fifty centsa number. Subscrip- 
tion should be sent to the publishers, THE MACMILLAN Company, 66 
Fifth Avenue, New York; Messrs. MACMILLAN & Co., Ltrp., London; 
or to Messrs. MAYER & MUELLER, Berlin. 

Volumes I-IV of THe PuysicaL REVIEW are annual volumes, each 
containing six bi-monthly numbers, beginning with the July-August 
number, 1893. These may be obtained from the publishers at the 
former subscription price three dollars per volume. 

Correspondence relating to contributions should be addressed to 
the editors, at /thaca, New York. 

Manuscript intended for publication in THe PuysicaL REVIEW 
must be communicated by the author; when publication in other 
journals is contemplated, notice to this effect should be given. 

The author of original articles published in the REviEw will receive 
one hundred separate copies in covers, for which no charge will be 
made ; additional copies, when ordered in advance, may be obtained 
at cost. 


PUBLISHED FOR CORNELL UNIVERSITY. 


THE MACMILLAN COMPANY, NEW YORK. 


Subject 
Index 
to 


Dixson’s 
Fiction? 


“It is far and away the best and most 
practical, up-to-date index to historical 
novels yet published, and is indispensable 
to public libraries and purchasing com- 
mittees.”—Edward W. Hall, Librarian of 
Colby University. 

An excellent thing well done.” — Zhe 
Outlook. 


“It is a time-saver that will be appre- 
ciated by writers, authors, and readers.” — 
New York Observer. 


“It is an exceilent piece of work. 
There is no reason why it should not be- 
come as much of a standard as Poole’s 
Index.” —- Zhe Chicago Tribune. 


“The lists are surprisingly full and 
accurate. In the bibliographical field few 
more useful books have appeared this 
year.”— Philadelphia Book News. 


“Should find a place on every book- 
man’s desk.”— Zhe Bockman. 


“Every student and every writer will 
feel indebted to the Associate Librarian of 
the Chicago University.”"— Zhe New York 
Commercial Advertiser. 


“This INDEx will prove a most valuable 
and delightful guide. It is easy to see 
also of what special help the work will be 
in the hands of every pastor, college in- 
structor, librarian, or bookseller.” —Pacific 
Baptist. 


“Your Inpex has already been of great 
service to readers of this library and is 
destined to be used a great deal more.”’— 
R. C. Davis, Librarian of University of 
Michigan. 


“Tam more and more delighted with 
your INDEx as I use it in connection with 
my classes.”.—C. L. Williams, Professor of 
English Literature, Denison University. 


“TI congratulate you on the service you 
have rendered readers in this publication.” 
—Charles C. Soule, Boston Book Co. 


“‘SuByJEcT INDEX TO FICTION promises 
to win a respected place on the shelves to 
which such books of reference are as- 
signed.”— Zhe New York Tribune. 


“Your INDEX improves on acquaint- 
ance. I never knew what the world of 
fiction really was before I studied this 
methodical manual.’’—Dr. Charles J. Bald- 
win, Pastor Granville (O.) Baptist Church. 


“T am experiencing great pleasure and 
profit from the use of your INDEx. I 
have recommended it most heartily to our 
students.”"—Dr. J. D. S. Riggs, President 
of Ottawa University. 


PRICE, ENGLISH BUCKRAM, $2.00 AND POSTAGE 


ADDRESS 


ZELLA ALLEN DIXSON, A.M., 
Associate Librarian of the University of Chicago, 


CHICAGO, ILLINOIS 
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GAERTNER & REGENNAS, 
: 152-154 FIFTY-SIXTH ST., CHICAGO 


MANUFACTURERS OF 


ASTRONOMICAL AND PHYSICAL i 
INSTRUMENTS 


Refracting and Reflecting Telescopes 
Zenith Telescopes Transits 
Universal Instruments 

Driving Clocks, Micrometers, Chronographs 
Spectroscopes, Heltostats 

Interferometers, Photometers 

Linear and Surface Bolometers 
Galvanometers, Cathetometers 

Dividing Engines, Comparators, etc., etc. 


CAREFUL ATTENTION paid to the design and construction 
of special apparatus for RESEARCH WORK 


* 


RECENTLY PUBLISHED 


The Natural History and Scientific Book Circular 
No. 124 


ASTRONOMY 


Including Works from the Libraries of 


Sir G. B. Airy, F.R.S., late Astronomer Royal 
and 


A. C. Ranyarp, F.R.A.S., Editor of Knowledge 


A new and valuable catalogue of astronomical and astrophysical 
works. ‘To be had on application to 


WILLIAM WESLEY & SON, 


Agency of the Smithsonian Instituts 
28 Essex STREET, STRAND, LONDON. 
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P 
ens 
eS An ever-flowing line @ 
of ink, that you may x 
x write on forever— %& 
Px 
not a clog, not a 
Ne stain, not a dip—the x 
Waterman Ideal @& 
SZ 
Fountain Pen—sold @ 
everywhere. WY, 
NY 
4 L. E. Waterman & Co., QS 
157 Broadway, New York. 


Always use the best. 
The Best Pens are 


LEADING STYLES: 
Fine Points, Al, 128, 333. 


Business Pens, 048, 14, 130. 
Blunt Points, 122, 280, 1743. 
Broad Points, 239, 313, 442. 
Turned up Points, 256, 477, 531. 
Vertical Writers, 556, 570, 621. 
A GREAT VARIETY OF OTHER STYLES. 


For Sale by all Stationers. 


The Esterbrook Steel Pen Co. 
Works, Camden, N, J. 26 John St., N. Y. 


UPON EASY TERMS OF PAYMENT. 


THE NEW ILLUSTRATED 


Chambers’s 
Encyclopzedia 


Published by J. B. Lippincott CoMPANY, 
has been thoroughly revised and brought 


UP-TO-DATE. 


SOLD EXCLUSIVELY 
BY SUBSCRIPTION, 


AND CAN BE PURCHASED UPON 


SMALL MONTHLY PAYMENTS 


Illustrated circular and terms of sale 
sent upon application. 


J. B. Lippincott Company, 
Philadelphia. 


Agencies in New York, Boston, Chicago, Pittsburg, 
Detroit, Kansas City, and San Francisco. 


For thirty-eight years we 
have held the reputation 
formaking pens ofsuperior 
quality of metal, uniformity, durability, 
and perfection in workmanship. oe 
Samples for trial, TWELVE VARIETIES, 
sent on receipt of Two 2-CENT stamps. 
Ask for 12-pen card. 


Spencerian 
Pen Co. NEW YORK, 
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ALVAN CLARK & SONS 


CAMBRIDGEPORT, MASS. 


Manufacturers, of 


ASTRONOMICAL TELESCOPES 


With Improved Equatorial Mountings 


Sizes from Four-inch Aperture 
to the Largest Ever Ordered 


Send for Photographs of our Portable Equatorials or 
five and six-inch fixed, with accessories — the best to be had for 
educational and amateur work. 


Terrestrial Telescopes for private residences 


The performance of our instruments, famous the world 
over, is their own greatest recommendation. An experience of 
nearly a half century in the art of telescope making enables us to 
apply a degree of skill and judgment to our work which make 
our objectives unrivalled in excellence. 


Among our telescopes are 


The Lick Refractor, 36-inch. Princeton Refractor, 23-inch. 
Pulkowa Refractor, 30-inch. Denver Refractor, 20-inch. 
Washington Refractor, 26-inch. Chicago Refractor, 18.5-inch 


University of Virginia, 26-inch. Rochester Refractor, 16-inch. 
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IR. KR. Donnelley & Sons Co. 


The Lakeside Press 
PRINTERS AND BINDERS 


THE PRINTING OF BOOKS DEMANDING TASTE AND CAREFUL EXECU- 
TION, PRIVATE EDITIONS, COLLEGE CATALOGUES AND ANNUALS A 
SPECIALTY. WE PRINT MORE FINE BOOKS THAN ALL OTHER HOUSES 
WEST OF NEW YORK. OUR NEW FACTORY, RUN ENTIRELY BY ELEC- 
TRICITY, IS THE MOST ADVANCED PRINTING PLANT IN THE COUNTRY. 
THE LAKESIDE PRESS BLDG., PLYMOUTH PLACE, COR. POLK, CHICAGO. 


Brench, Special 30 day Offer 


German 
Spanish For 


in 10 weeks at your own home, Regular Price, $5.00. 


* “A BY THE ROSENTHAL METHOD, the most simple, natural and practical! system of language study 
~ ever published. In use in every country in Europe, and enthusiastically endorsed bythe leading edu- 
cators of the world. Thirty minutes a day for ten weeks will enable you to read, write and speak a foreign language. 
SPECIAL OFFER FOR THIRTY DAYS ONLY, upon receipt qe, we will send 1 complete set of 
* Books of the Rosenthal Method for wy ot tudy at home (French, German or Spanish) 
including Membership in Correspondence School, which entitles I= to the privilege of consulting the eminent linguist, Dr. 
kh. 8S. Rosenthal, \ate Prof. Uni. of Berlin, author of the Rosenthal Method, and to free correction of exercises. Regular price $5. : 


Send us $3.50 for complete set of books with membership, and if upon receipt you are not satisfied, return them and we will 
promptly refund your money. State language desired. Booklet. “A Revolution in the Study of Foreign Languages,” free. 


THE DR. ROSENTHAL LANGUAGE COLLEGE, 433 Central Park West, New York. 


Safe Storage 
AND OTHER VALUABLE PROPERTY. 


j Use of faultless material, most perfect devices 
and advanced methods of construction make the 
Safety Deposit Vaults of The Illinois Trust Safety 
Deposit Co. the most secure in this country. 
With greatest security are most spacious and ele- 
gant appointments for the convenience of patrons. 
: 5 . These mark the highest achievement in the 
Sa building of safety deposit vaults. 
- ell All are invited to inspect them. No obligation 


am repa or the showing the favorable com- 
Located in the New Building of the ments that will follow an exam nation. 
ILLINOIS TRUST & SAVINGS BANK, opular prices prevail. 
Corner Jackson and La Salle Sts., ROBERT BOYD, 
CHICAGO. Secretary and Manager. 


Means much where Clean wagers and pleasant thoughts are desired. 


’ Not only does it feed the ink perfectly to the pen, but it prevents Soiled 
Fingers. It is scientifically correct end hes mode t the 


Geo. S. Parker Fountain Pen. 


Bright Dealers sell the PARKER FOUNTAIN PENS because bright people want 
them. A little talk with any courteous, up-to-date dealer will 
convince you of this. Prices, 


vi 
$2.00, $2.50, $3. d rd, according to si 
Standard Parker ‘desired, Next best, SPECIAL. 
SILVER DOLLAR, $1.00. 


If your dealer keeps the old kind and won’t furnish you with a Parker, send tous. Interesting booklet free. 
_GEO. S. PARKER PEN CO., - - 34 Mill Street, Janesville, Wis. 
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Most Modern Complete 


Illustrating and Engraving 
Establishment in America 


Binner’s 
“Modernized 


Hdvertising”’ 


sent on receipt of 10 
cents postage JF JF 
Illustrated from cover 
to cover. 


Binner’s 


Poster 

mailed to any address 
on receipt of 10 cents 
U. S. postage. 


Mlustrators aw Engravers tor 


Scientific Reports and Publications, College 


Annuals, Souvenirs, Medical Books, Etc., 
Either in black and white or colors 


Binner, in the Fisber Building, Chicago, Hl 
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PLATE IV. 


SOUTH FRONT OF THE YERKES OBSERVATORY. 
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